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Description

[0001] This invention relates to an optical process for
acquiring information related to an object, and to an ap-
paratus implementing the process.

[0002] A problem shared by many segments of indus-
try and trade is that of assessing the volume of an object.
In particular, the supply and shipment of goods demand
that the volume of packages be measured in an auto-
mated fashion to provide an element of information
which is valuable to the conduction of both the store-
house premises and the carrier means.

[0003] Storehouse premises and carriers generally
handle objects according to their weight, and to one or
more of their linear dimensions regarded as most sig-
nificant. This handling style is, therefore, approximative
and surely less than fully satisfactory.

[0004] WO-A-92 16818 discloses a method and an
apparatus for measuring the linear dimension and de-
termining the three-dimensional, spatial volume of ob-
jects. The apparatus also includes an optical code read-
er which reads an optical code associated with the ob-
ject. The length, wide and height of the objects are de-
termined by utilization of a combination of a light curtain
and an ultrasonic distance sensor.

[0005] DE-A-3 303 109 discloses a process and ap-
paratus for automatic identification of products by
weight, bar code sensing, optical size measurement
and/or ultrasonic shape scanning.

[0006] A first aspect of the invention relates to a proc-
ess for. Acquiring information related to an object as in
claim 1.

[0007] Preferred embodiments of implementation of
the process of the invention are set for in claims 2-10.
Other examples of implementation are set forth below.
[0008] Optical codes mean here graphical sequences
wherein elements of information are recorded in a coded
form which can be read by appropriate reading instru-
ments. Examples of optical codes include bar codes,
two-dimensional codes, color codes, etc..

[0009] In fact, in typical situations where the volume
of an object is to be measured (such as package han-
dling through a distribution system or storehouses and
the like), an apparatus for reading optical codes would
be already provided. The apparatus is inclusive of a set
of components (laser units, signal processing units, and
processing/storage units) which can be adapted to
measure the volume of an object at the expense of a
few minor changes and alterations.

[0010] Suitably, the optical code reading means com-
prises a laser scanner, preferably a modulated light
scanner, operative to measure the range or distance of
a spotted point. A scanner of this type is described, for
instance, in US-A-5 483 051 by this Applicant.

[0011] Advantageously, the means of reading may
comprise a CCD reader.

[0012] The volume may be measured by any of a
number of different processes which form the subject
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matter of specific patent applications filed by the Appli-
cant on this same date. Only the basic features of these
processes will be reviewed herein, and for a more de-
tailed explanation, reference.can.be had to such patent
applications.

[0013] According to a first of such processes, a vol-
ume measurement involves the following steps:

a) placing the object onto a bearing surface;

b) defining a feed direction for the object on the
bearing surface;

c) defining a scan plane, intersecting the plane of
the bearing surface along a scan base line which
lies transverse to the feed direction, with a laser
beam from a scanner that overlies the bearing sur-
face being arranged to act in the scan plane;

d) moving the object across the bearing surface
along the feed direction, relative to the scan plane,
until the scan plane will intersect the object;

e) obtaining the height, above the bearing surface,
of n points of measurement contained in a top face
of the object and the scan plane;

f) defining a stipulated height as a function of the
measured heights of two successive points of
measurement;

g) obtaining the plan position on the bearing surface
of the n points of measurement;

h) defining a stipulated base as a function of the
plan positions on the bearing surface of each pair
of adjacent points of measurement;

i) computing a stipulated area element, vertical to
the bearing surface, for each pair of adjacent points
of measurement, as by multiplying the stipulated
base by the stipulated height;

j) computing a stipulated area as the combined sum
of the stipulated area elements computed;

k) moving the object relative to the scan plane a pre-
determined feed distance along a feed direction
across the bearing surface;

I) defining a stipulated thickness as a function of the
feed distance;

m) computing a volume element by multiplying the
stipulated area by the stipulated thickness;

n) repeating steps e) to m) above until the entire
object is scanned;

0) computing the object volume as the combined
sum of all the volume elements.

[0014] The term top face is here a generic one, it en-
compassing any surface seen by the laser scanner
placed above the bearing surface. In particular, even a
sloping side surface may be taken to be the top face,
whose slope is an upward taper angle of the object as
referred to its rest position on the bearing surface.

[0015] The movement of step d) above should be un-
derstood as a relative movement. Thus, it may either be
a movement of the object relative to a fixed scan plane,
or a movement of the scan plane relative to an object
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held stationary, or both.
[0016] According to a second of such processes, the
volume measurement involves the following steps:

placing the object onto a bearing surface;

defining a feed direction for the object on the bear-
ing surface;

defining a scan plane, intersecting the plane of the
bearing surface along a scan base line which lies
transverse to the feed direction, with a laser beam
from a scanner that overlies the bearing surface be-
ing arranged to act in the scan plane;

defining a fixed Cartesian reference system having
a longitudinal axis (y) along the feed direction, a
transverse axis (x) orthogonal to the longitudinal ax-
is (y), and a vertical axis (z) orthogonal to the plane
of the bearing surface;

moving the object across the bearing surface, along
the feed direction, relative to the scan plane until
the scan plane will intersect the object;

effecting a scan sweep across the object in the scan
plane by means of the scanner;

reckoning and storing a set of triads of coordinates
(x, y, z) of n points of measurement of the object
swept by the laser beam in the scan plane;
moving the object relative to the scan plane through
a feed distance in the feed direction equal to a pre-
determined longitudinal resolution (L);

repeating the three last-mentioned steps until the
entire object is scanned;

establishing a set of standard values (x") for the
transverse coordinate separated by a value equal
to a predetermined transverse resolution (T);
constructing, for each scan sweep, a set of equiva-
lent triads (x", y", z") representing equivalent points,
wherein the values of the transverse coordinate (x"
are equal to the values of the standard set, and the
values of the longitudinal coordinate (y") and the
vertical coordinate (z") are respectively functions of
the values of the reckoned longitudinal and vertical
coordinates (y, z);

computing the volume included between the bear-
ing surface (x, y) and the surface defined by those
points which have equivalent coordinates (x", y",
z").

[0017] Here again, the movement of the object across
the bearing surface in the feed direction, with respect to
the scan plane, should be understood as a relative
movement.

[0018] According to a third of such processes, the vol-
ume measurement involves the following steps:

placing the object onto a bearing surface;

defining a feed direction for the object on the bear-
ing surface;

defining a scan plane, intersecting the plane of the
bearing surface along a scan base line which lies
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transverse to the feed direction, with at least one
laser beam from the scanner that overlies the bear-
ing surface being arranged to act in the scan plane;
defining a read plane intersecting the plane of the
bearing surface along a read base line which lies
transverse to the feed direction, light beams being
active in the read plane which are picked up by the
CCD reader located above the bearing surface;
moving the object across the bearing surface, along
the feed direction, relative to the scan and read
planes such that the object will cross these planes;
effecting a series of scan sweeps across the object
in the scan plane with the laser beam, such that at
each scan sweep, the positions of n points of meas-
urement defining the object outline as spotted by
the laser beam are reckoned;

effecting a corresponding series of readings of the
object by means of the CCD reader to reckon, at
each reading, the maximum width of the object out-
line as spotted by the CCD reader, each reading be-
ing offset in time with respect to the corresponding
laser scan sweep by a necessary time period to al-
low the reading to be effected at the same location
on the object where the scan sweep was effected;
processing the information from each scan sweep
along with the information from the corresponding
reading to define a set of stipulated outlines of the
object;

computing the area of each stipulated outline;
computing a feed distance travelled by the object
between two successive scan sweeps or between
two successive readings;

computing, for each stipulated outline, an elemen-
tary volume as the product of the area of the stipu-
lated outline by the feed distance;

computing the volume of the object as the combined
sum of the elementary volumes.

[0019] Alsoin this third case, the movement of the ob-
ject across the bearing surface in the feed direction, with
respect to the scan plane, should be understood as a
relative movement.

[0020] A second aspect of this invention is related to
an optical apparatus for acquiring information related to
an object as claimed in claim 11.

[0021] This apparatus can implement the process
outlined hereinabove.

[0022] Preferred embodiments of the apparatus of the
invention are set forth in claims 12-26. Other examples
are set forth below.

[0023] Suitably, this apparatus includes at least one
laser scanner which is part of both the optical code read-
ing means and the volume measuring means; prefera-
bly, the laser scanner is a modulated light scanner
adapted for measuring the range or distance of a spot-
ted point.

[0024] Advantageously, the apparatus may addition-
ally include a CCD reader.
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[0025] Advantageously, the apparatus comprises:
a laser unit including a laser light source and a
means of controlling and aiming it;
an analog signal processing unit receiving signals
from the laser unit;
an A/D converter receiving, from the analog
processing unit, signals related to the distance of
the points being spotted by the laser;
a decoder unit receiving, from the analog process-
ing unit, signals related to the optical code;
a processing/storage unit receiving signals from the
A/D converter and the decoder unit.
[0026] In a first preferred embodiment:
the means of reading the optical code and means
of measuring the volume share the laser unit,
processing unit, and processing/storage unit;
the means of reading the optical code further in-
cludes the decoder unit;
the means of measuring the volume further includes
the A/D converter.

[0027] It can be appreciated that in this embodiment
of the invention, the volume measurement could merely
involve the addition of an A/D converter to an apparatus
for reading an optical code.

[0028] In a second preferred embodiment:

the means of reading the optical code and means
of measuring the volume share the processing/stor-
age unit;

the means of reading the optical code further in-
cludes afirst laser unit, first processing unit, and the
decoder unit;

the means of measuring the volume further includes
a second laser unit, second processing unit, and the
A/D converter.

[0029] Even in this, more complicated embodiment,
the volume is measured by the same processing/stor-
age unit as is provided for reading the optical code.
[0030] The layout of the apparatus components may
be any one, for example arranged within the same scan/
processing unit.

[0031] Advantageously, in a first preferred embodi-
ment:

the processing/storage unit, first laser unit, first
processing unit, decoder unit, and A/D converter
are all laid within a scan/processing unit;

the second laser unit and second processing unit
are laid within a scan unit.

[0032] Advantageously, in a second preferred em-
bodiment:
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the processing/storage unit, second laser unit, sec-
ond processing unit, decoder unit, and A/D convert-
er are all laid within a scan/processing unit;

the first laser unit and first processing unit are laid
within a scan unit.

[0033] Advantageously, in a third preferred embodi-
ment:

the processing/storage unit, decoder unit, and A/D
converter are all laid within a processing unit;

the first laser unit and first processing unit are laid
within a first scan unit;

the second laser unit and second processing unit
are laid within a second scan unit.

[0034] Scan-only units take up less space than
processing units or scan/processing units. Accordingly,
the arrangements of the apparatus members which in-
clude a scan-only unit are to be preferred where space
requirements are critical in the object scan zone.
[0035] Advantageously, the laser unit may comprise
two laser emitters and a single moving-mirror deflector,
the deflector having two discrete sets of mirror surfaces
at an angle to one another for the emitter pair. This dual
scanner configuration allows the scanning to be per-
formed in different planes for code reading and volume
measurements, while using a single moving-mirror de-
flector.

[0036] Further features and advantages of the inven-
tion will be apparent from the following detailed descrip-
tion of some preferred embodiments thereof, given with
reference to the accompanying drawings. In the draw-
ings:

Figures 1, 2, 3 and 4 are block diagrams of appa-
ratus according to this invention;

Figures 5, 6 and 7 are perspective views showing
schematically apparatus according to the invention;
Figure 7b is a diagram illustrating some aspects of
measurement approximation involved in the opera-
tion of the apparatus of Figure 7;

Figure 8 is a schematic view of an encoder used in
an apparatus according to the invention;

Figure 9 is a schematic view of a laser unit incorpo-
rated to an apparatus according to the invention.

[0037] Shown in Figure 1 is a block diagram of a first
embodiment of an apparatus for reading an optical code
K and measuring the volume of an object A, which ap-
paratus comprises a scan/processing unit 100 having a
laser unit 101 (including at least one modulated light la-
ser emitter adapted to read the optical code K and meas-
ure a distance, such as the scanner described in US-A-
5483 051, and a means of controlling and aiming it), an
analog processing unit 102, an A/D converter 103, a de-
coder unit 104, and a processing/storage unit 105 (in-
cluding a processor 106 and a memory 107), and an
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input/output interface 108. The analog processing unit
102 receives signals from the laser unit 101, and sends
the signal conveying the distance information (for the
volume measurement, as explained hereinafter) to the
A/D converter 103, and the signal conveying the infor-
mation contained in the optical code K to the decoder
unit 104. The A/D converter 103 and decoder unit 104
process the incoming signals and send them to the
processing/storage unit 105. In this embodiment, both
the optical code K reading and the volume measure-
ment are effected by the unit 100.

[0038] Shown in Figure 2 is a block diagram of a sec-
ond embodiment of the apparatus for reading the optical
code K and measuring the volume of the object A. This
embodiment differs from the first in that it includes a
scan-only unit 200 associated with the scan/processing
unit 100. The unit 100 is substantially same as that in
Figure 1, except that the analog processing unit 102 is
sending the signals to the decoder unit 104, not to the
A/D converter 103. The scan-only unit 200 comprises a
second laser unit 201 and second analog processing
unit 202; the unit 200 is connected to the unit 100 such
that the second analog processing unit 202 will send the
signals to the A/D converter 103. In this embodiment,
the optical code K reading is effected by the unit 100,
while the volume measurement is effected in part (lim-
ited to the reckoning step thereof) by the unit 200.
[0039] Figure 3 shows a block diagram of a third em-
bodiment of the apparatus for reading the optical code
K and measuring the volume of the object A. This em-
bodiment reciprocates the previous one. In fact, it in-
cludes a scan-only unit 300 which comprises a second
laser unit 301 and second analog processing unit 302;
the unit 300 is connected to the unit 100 such that the
second analog processing unit 302 will send the signals
to the decoder unit 104. In this embodiment, the volume
measurement is effected by the unit 100, while the op-
tical code K reading is effected in part (limited to the
reckoning step thereof) by the unit 300.

[0040] Figure 4 shows a block diagram of a fourth em-
bodiment of the apparatus for reading the optical code
K and measuring the volume of the object A. This em-
bodiment includes a process-only unit 40'0 and two
scan-only units 500 and 600. The unit 400 comprises a
processing/storage unit 405 (including a processor 406
and a memory 407), a decoder unit 404, an A/D con-
verter 403, and an input/output interface 408; each of
the units 500, 600 comprises a laser unit 501, 601 (in-
cluding at least one laser emitter and a means of con-
trolling and aiming it), and an analog processing unit
502, 602. The units 400, 500 and 600 are connected
such that the analog processing unit 502 will send the
signals to the decoder unit 404, and the analog process-
ing unit 602 send the signals to the A/D converter 403.
In this embodiment, the optical code K reading and the
measurement of the object A volume are effected in part
(limited to the reckoning step thereof) by the scan-only
units 500 and 600, respectively; both operations being
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then completed by the process-only unit 400.

[0041] In any of the four embodiments above, volume
may be measured with different processes. Hereinafter,
some of the processes will be discussed in connection
with apparatus as shown in Figures 5, 6 and 7, which
all correspond to the block diagram of Figure 1; it should
be understood, however, that the same processes
would equally apply to the apparatus'illustrated by the
block diagrams of Figures 2, 3 and 4.

[0042] Shown in Figure 5 is an apparatus 10 which
includes a bearing surface 11 for objects A to be meas-
ured for volume. The bearing surface 11 is substantially
horizontal and consists preferably of a belt conveyor, al-
so denoted by the numeral 11, which can be driven
along a feed direction 12 and is guided by rollers 13,
one of which is powered.

[0043] The apparatus 10 includes a modulated light
laser scanner 14 capable of both reading the optical
code K and the scanner measuring a range or distance,
e.g. the scanner described in US-A-5 483 051 by this
Applicant, the scanner utilizing a laser beam arranged
to sweep a scan plane 15 incident onto the plane of the
bearing surface 11. Specifically, the scanner 14 is
placed above the bearing surface 11; the scan plane 15
is perpendicular to the bearing surface 11 and intersects
it along a scan base line 16; and the scan base line 16
is inclined at an angle a to a line 17 of the bearing sur-
face 11 which lies perpendicularly to the feed direction
12.

[0044] The section of the bearing surface 11 next to
the scan base line 16, and indicated as the scan zone
18, is bounded by an entry detector 19 and an exit de-
tector 20, both preferably comprised of photocells.
[0045] The bearing surface 11 is provided with an en-
coder 21, that is with a device adapted to issue a signal
each time that the bearing surface 11 is moved exactly
through a predetermined feed distance. The encoder 21
may be of any type, e.g. electro-optical as shown sche-
matically in Figure 8. One of the rollers 13 carries, rota-
tively fixed with it, a disk 22 which is marked with notches
23 at substantially tangential positions with respect to
the plane of the bearing surface 11 and formed at cir-
cumferential spacings equal to the feed distance
sought; an electro-optical notch recognition device 24 is
arranged to "see" the notches 23 moving past it and out-
put a signal at each passing notch 23.

[0046] Also provided is a processing unit 25, which
may be incorporated to the scanner 14, or separate and
suitably connected to it.

[0047] The apparatus 10 operates as follows. Objects
A to be measured for volume are placed onto the belt
conveyor 11, at a spacing from one another. The con-
tinuous motion of the belt conveyor 11 will take each ob-
ject A to the entry detector 19, and then into the scan
zone 18. The object movement past the entry detector
19 triggers the delivery of a signal to the processing unit
25, whereby the unit will initiate the measuring proce-
dure.
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[0048] The encoder 21 also delivers a signal to the
processing unit 25, during the movement of the belt con-
veyor 11, each time that the belt conveyor 11, carrying
the object A, travels a distance same as the predeter-
mined feed distance. Each time that a signal is received
from the encoder 21, a scanning operation is performed;
the scanner 14, once enabled by the sensor 19, will in
fact scan the object A continuously, but the processing
unit 25 only store the n values of the corresponding scan
sweep to the encoder signal. It should be noted that the
infeed speed of the belt conveyor 11, albeit quite fast, is
far slower than the sweep rate of the laser beam of the
scanner 14, so that the distance moved by the object A
relative to the scan plane 15 during the time taken by
the scanner 14 for a full sweep across the scan plane
15 is quite trivial.

[0049] Upon the object A reaching the scan base line
16, the laser beam of the scanner 14 will impinge on the
object A. Under control by the processing unit 25, the
scanner 14 will reckon the height, above the bearing sur-
face 11, of n points of measurement on the top face of
the object A.

[0050] To this aim, the scanner 14 reckons, for each
point of measurement, both its distance from the scan-
ner 14 (or rather, from the imaginary point whence the
rays appear to issue) and the angular position of the la-
ser beam, thereby obtaining the values in polar coordi-
nates of the position of that point in the scan plane 15.
These values are then processed by the unit 25 to obtain
values therefrom which are representative of the posi-
tion of the point in a system of Cartesian coordinates
wherein the x axis is coincident with the feed direction,
the y axis is directed along the line 17 (that is, such that
the x-y plane will coincide with that of the bearing sur-
face 11), and the z axis directed upwards. For this con-
version, the angle « (i.e., the slope of the scan line with
respect to the y axis) and the scanner position must be
known. The computations involved in this conversion
will not be discussed herein because known per se and
well within the capability of a person of ordinary skill in
the art. Of course, any other selected Cartesian refer-
ence system in space could be reduced to that indicat-
ed, by a mathematical operation of rotation/translation,
and accordingly, can be regarded as equivalent to the
indicated system.

[0051] At each scan sweep, the reckoning is effected
for a predetermined number, n, of points on the object
A top face, thereby obtaining the cross-sectional outline
of the top face of the object in the scan plane 15, by spot
approximation.

[0052] During the scanning, for each pair of succes-
sive reckoning points, the processing unit 25 will calcu-
late an elementary area as the product of a stipulated
height by a stipulated base, and store it.

[0053] The stipulated height may be the height above
the bearing surface 11 (i.e., the z coordinate) of the first
or the second pointin the pair, or be the smaller or larger
thereof, or a average therebetween; the stipulated
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heightis selected according to the type of approximation
sought and the complexity of the computation to be re-
quired of the processing unit 25. This aspect will be best
appreciated at the end of the description of the whole
measuring procedure.

[0054] The stipulated base may simply be the differ-
ence between y coordinates of the two points (case a),
or be the distance between the two projected points onto
the x-y plane (case b).

[0055] On completion of a scanning sweep, and after
the values of the corresponding elementary areas to all
the pairs of points have been stored, a stipulated area
is computed as the combined sum of all the elementary
areas of that scan sweep. The computed stipulated area
may be differently interpreted, according to which stip-
ulated base has been selected for each pair of reckoning
points.

[0056] If the distance between the projections of the
two points of reckoning onto the plane x-y is selected
for the stipulated base .(case b), then the stipulated area
is an approximate measurement of the cross-section ar-
ea of the object in the scan plan.

[0057] If the difference between y coordinates of the
reckoning points is selected for the stipulated base
(case a), then the stipulated area represents no longer
the measurement of the object cross-section area in the
scan plane, but rather its projection onto the y-z plane,
again in an approximate way.

[0058] Ineither cases, the approximation is due to two
errors. Afirst error originates from that the area included
between the intersection of the scan plane with the ob-
ject top face and the bearing surface (or x-y plane) is
considered, and the possible presence of dimples in the
side and under faces of the object neglected. This error
cannot be controlled by this measuring process, and
must be accepted. However, as previously mentioned,
a measurement affected by such an error would still suit
the purpose of the inventive process, and even better
so than a true measurement. The second error is due
to that only a few points on the intersect of the scan
plane with the object top face are picked up for reckon-
ing. This error can be minimized as desired, or at least
controlled as required, by either increasing the number
of reckoning points or suitably selecting the stipulated
height. In fact, selecting the smallest height value would
resultin the area being measured to the nearest number
below, and selecting the largest value would result in the
area being measured to the nearest number above. Se-
lecting the average value between the z heights of the
two adjacent reckoning points would attenuate the error,
but fail to presumptively specify whether the error is one
to the nearest number above or below. Selecting the
height of either the first or the second point allows of no
control.

[0059] In the next step, the stipulated area is multi-
plied by a stipulated thickness to provide an elementary
volume. In case a, the stipulated thickness will be as-
sumed to be equal to the feed distance, In case b, ac-
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count must be taken of the slope of the scan line to the
y axis; accordingly, the stipulated thickness will be as-
sumed to be equal to the feed distance multiplied by co-
sa. In either cases, the elementary volume corresponds
(with the same allowance as previously made for the
stipulated area) to the volume of the object portion span-
ning two successive scan sweeps.

[0060] Thereafter, itis waited until the object A moves
through a predetermined feed distance; this being sig-
nalled by the encoder 21 controlling a fresh scanning.
In this way, successive cross-sections of the object A
are scanned, each time computing the stipulated area
and the elementary volume. All the computed values of
elementary volume are stored into the processing unit.
[0061] This goes on as long as the object A locates in
the scan zone 18. At a certain point, the exit detector 20
will signal that the object A has gone out of the scan
zone 18; thereupon, the processing unit 25 will termi-
nate the measuring procedure and add together all the
elementary volumes stored during the scan sweeps,
thereby to provide an approximate measurement of vol-
ume of the object A.

[0062] It should be noted that when the angle o is a
small one, less than 15°, the error introduced by neglect-
ing it is minimal, on the order of a few percent; on the
other hand, an attempt to take it into account would en-
tail substantial complexity for the computations. In many
instances of practical applications of an apparatus ac-
cording to the invention, it may be convenient, in order
to minimize its manufacturing, installation, and setting
up costs, to keep the angle o small (preferably in the 5°
to 10° range, and nowhere larger than 15°), and just ig-
nore the effect thereof.

[0063] The start and end of an object volume meas-
uring procedure, as just described, are controlled by the
movement of the object past the entry detector 19 and
the exit detector 20. Alternatively, one or both of these
detector may be omitted, and their function served by
the processing unit 25 using appropriate software to en-
able the measuring procedure (as by clearing the count
of elementary volumes) upon a scan sweep correspond-
ing to a non-zero stipulated area, and stop it (as by de-
tecting the sum of the stored elementary volumes) upon
completion of a predetermined consecutive number of
scan sweeps with zero stipulated area; this number may
be as low as 1, or at any rate a small number.

[0064] Where the measuring procedure is initiated by
a software means, the scanner 14 must be kept operat-
ing all the time, even if no measuring procedure is in
progress, in order for the arrival of an object to be de-
tected. On the other hand, the provision of an entry de-
tector 19 allows the scanner 14 to be disabled when
there are no objects to be measured, and accordingly,
despite the added complication to the structure entailed
thereby, it is preferred wherever a markedly discontinu-
ous inflow of objects for measurement is anticipated. By
contrast, the presence or absence of an exit detector 20
would not impair the ability to turn off the scanner 14 at
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the end of the measuring procedure. Therefore, the pref-
erence goes to the embodiment wherein the end of the
measuring procedure is detected by software means.
[0065] In certain cases, a higher degree of accuracy
may be needed in computing the volume of objects
which are markedly irregular in shape, that is objects
having bulging portions which cannot be neglected. In
such cases, additional scanners may be arranged on
one or both sides of the belt conveyor 11. Thus, a more
accurate assessment of the volume can be obtained by
measuring the distances of points on the side surfaces.
It could also be arranged for the belt conveyor 11 to be
transparent to laser light, and another laser to be placed
under the belt; the bottom laser would then measure the
distances of points on the underside of the object to
thereby provide a true measurement of volume.

[0066] In the apparatus described hereinabove, the
information about an object A provided by scanning, i.
e. the measurement of its volume and any information
to be obtained by reading the optical code K, is prefer-
ably recorded in a record of a file stored within the
processing unit, so that the file will ultimately contain in-
formation covering all the objects that have been moved
across the bearing surface. This information can later
serve various purposes, e.g. conducting the storehouse
premises or loading carriers, printing labels to be at-
tached to the objects, or else.

[0067] Figure 6 shows an apparatus 30 which in-
cludes a bearing surface 31 for objects A to be meas-
ured for volume. The bearing surface 31 is substantially
horizontal and consists preferably of a belt conveyor, al-
so denoted by the numeral 31, which can be driven
along a feed direction 32 and is guided by rollers 33,
one of which is powered.

[0068] The apparatus 30 includes a modulated light
laser scanner 34 capable of measuring a distance, such
as that described in US-A-5 483 051 by this Applicant,
and utilizing a laser beam which sweeps a scan plane
35 incident onto the plane of the bearing surface 31.
Specifically, the scanner 34 is placed above the bearing
surface 31; the scan plane 35 is set at an angle B from
the perpendicular to the plane of the bearing surface 31
and intersects this plane along a scan base line 36; the
scan base line 36 is inclined at an angle o to a line 37
of the bearing surface 31 which lies perpendicularly to
the feed direction 32.

[0069] The section of the bearing surface 31 next to
the scan base line 36 and indicated as the scan zone
38, is bounded by an entry detector 39 and an exit de-
tector 40, being both preferably comprised of photocells.
[0070] The bearing surface 31 is provided with an en-
coder 41, that is with a device adapted to issue a signal
each time that the bearing surface 31 is moved exactly
through a predetermined feed distance L. The encoder
41 may be of any type, e.g. electro-optical like the en-
coder 21 shown schematically in Figure 8 and described
hereinabove.

[0071] Also provided is a processing unit 45, which
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may be incorporated to the scanner 34, or separate and
suitably connected thereto.

[0072] The apparatus 30 operates as follows. Objects
A to be measured for volume are placed onto the belt
conveyor 31, at a spacing from one another. The con-
tinuous motion of the belt conveyor 31 will take each
object A to the entry detector 39, and then into the scan
zone 38. The object movement past the entry detector
39 triggers the delivery of a signal to the processing unit
45, whereby the unit will initiate the measuring proce-
dure.

[0073] The encoder 41 also delivers a signal to the
processing unit 45, during the movement of the belt con-
veyor 31, each time that the belt conveyor 31, carrying
the object A, travels a distance same as the predeter-
mined feed distance L. Each time that a signal is re-
ceived from the encoder 41, a scanning operation is per-
formed; the scanner 3, once enabled by the sensor 39,
will in fact scan the object A continuously, but the
processing unit 45 only stores the n values of the corre-
sponding scan sweep to the encoder signal. It should
be noted that the infeed speed of the belt conveyor 31,
fast as it may be, is far slower than the sweep rate of
the laser beam of the scanner 34, so that the distance
moved by the object A relative to the scan plane 35 dur-
ing the time taken by the scanner 34 for a full sweep
across the scan plane 35 is quite trivial.

[0074] Upon the object A reaching the scan base line
36, the laser beam of the scanner 34 will impinge on the
object A. Under control by the processing unit 45, the
scanner 34 will reckon the positions of n points of meas-
urement spotted by the laser beam on the object A.
[0075] To this aim, the scanner 34 reckons, for each
point of measurement, both its distance from the scan-
ner 34 (or rather, from the imaginary point whence the
rays appear to issue) and the angular position of the la-
ser beam, thereby obtaining the values in polar coordi-
nates of the position of that point in the scan plane 35.
These values are then processed by the unit 45 to obtain
values therefrom which are representative of the posi-
tion of the point in a system of Cartesian coordinates
having a longitudinal y axis coincident with the feed di-
rection, a transverse x axis directed along the line 37
(that is, such that the x-y plane will coincide with that of
the bearing surface 31), and a vertical z axis directed
upwards. For this conversion, the angle a. (i.e., the slope
of the scan line 36 with respect to the y axis), the angle
B (i.e., the slope of the scan plane 35 with respect to the
perpendicular to the bearing surface 31), and the scan-
ner 34 position must be known. The computations in-
volved in this conversion will not be discussed herein
because known per se and well within the capability of
a person of ordinary skill in the art. Of course, any other
selected Cartesian reference system in space could be
reduced to that indicated, by a mathematical operation
of rotation/translation, and accordingly, can be regarded
as equivalent to the indicated system.

[0076] At each scan sweep, the reckoning is effected
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for a predetermined number, n, of points on the object
A, being careful to span the whole bearing surface 31.
Thus, a set of coordinate triads x, y, z are obtained which
represent the outline of a cross-section through the ob-
ject in the scan plane 35.

[0077] Thereafter, itis waited until the object A moves
through a predetermined feed distance L; this is sig-
nalled by the encoder 41 controlling a fresh scanning.
In this way, successive cross-sections of the object A
are scanned, reckoning each time one set of coordinate
triads x, y, z. All the sets of triads x, y, z are then stored
into the processing unit 45.

[0078] This goes on as long as the object A locates in
the scan zone 38. At a certain point, the exit detector 40
will signal that the object A has moved out of the scan
zone 38; thereupon, the processing unit 45 will termi-
nate the measuring procedure.

[0079] The reckoned triads x y z are then processed
for a most convenient determination of volume.

[0080] First, asetof standard x" values is established,
each spaced from the next by a value equal to a prede-
termined transverse resolution T. The value of T may be
of 1 cm, for example; this value has proved suitable for
volume measurements of packages intended for ship-
ment which have overall hamper dimensions on the or-
der of a few decimeters.

[0081] Next, the triads X, y, z are normalized to the
x" set.

[0082] In afirst mode, for each reckoned triad set that
are stored during one scanning, the x values are com-
pared to the x" values, to check if a triad, referred to as
the neighboring triad, exists for each x" value whose x
value lies much closer to the x" value than the x values
of the other triads. A first value x, is considered to lie
much closer than a second value x,, to a value x"4, if the
distance of the second value is at least'twice as great
as that of the first, i.e. if x,-x"{>2(x5-x"1).

[0083] In the affirmative, that is if a neighboring triad
exists, an equivalent triad x", y"=y, z"=z (representing
an equivalent point) is then obtained from the neighbor-
ing triad x y z by substituting the normalized x" value for
the reckoned x value.

[0084] In the negative, two points are then consid-
ered, referred to as nearby points herein, whose triads
Xa» Ya» Z5 @nd Xy, Yp, Zp, have the values x, and x,, imme-
diately below and above x", that is the largest of the
smaller (or equal) values than (to) x", and the smallest
of the larger (or equal) values than (to) x"; then, the two
arithmetic means between y, and y, and between z,
and z,, are taken. Finally, the equivalent triad x", y", z"
are constructed where y" and z" are said two arithmetic
means.

[0085] Alternatively, the equivalent points and their
equivalent triads x", y", z" may be obtained as follows.
Instead of checking for the existence of a neighboring
point, again two nearby points are taken which can be
either spotted as indicated above, that is as the points
whose triads X,, Y5, Z, and X, Yy, Z, have the values x,
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and x, immediately below and above the specific
x" value, or as the points whose triads x,, y,, z; and xy,
Yp, Zp have the closest values x, and x,, to x". Notice that
these two determination processes are not necessarily
coincident, especially where the number of reckoned
points x, y, z is much higher than the number of standard
x" values; with the second process, in fact, both nearby
points may happen to have a transverse x coordinate
which is larger or smaller than the x" value.

[0086] Once the two nearby points are determined in
either ways, the equivalent point is determined by inter-
polation as the intersect of a line, joining the two nearby
points, with the vertical plane having a transverse coor-
dinate equal to the specific x" value. In other words, the
longitudinal and vertical coordinates of the object are re-
constructed at the vertical planes whose transverse x"
coordinates are equal to the values of the standard set,
using the longitudinal and vertical coordinates as actu-
ally measured at different transverse x coordinates.
[0087] This second embodiment form looks more ac-
curate than the previous one, since in determining the
coordinates of the equivalent points, different weights
are automatically given to the data used according to
the distance of the points actually measured with re-
spect to the equivalent points.

[0088] All of the foregoing is repeated, in accordance
with the selected one of the above forms, for each triad
of each scanning, thereby obtaining a set of equivalent
triads x", y", z" at each scanning.

[0089] The triads x", y", z" thus obtained cannot be
used yet for directly measuring the volume of the object
A, due to the slope B and to the shape of the object A
possibly being an undefined one. For example, by mul-
tiplying the area of each scanned cross-section (to be
computed by the known triad set of that scan sweep) by
the feed distance, and adding together all the elemen-
tary volumes thus obtained, some significant errors may
be incurred especially with tall and short objects; in fact,
one vertical front face would be scanned at different
heights with several successive sweeps to produce a
number of cross-sections having increasing heights in-
stead of one cross-section of appropriate height. In
practice, an error would be introduced by that the move-
ment of the scanned points along the y axis has not been
taken into account.

[0090] Accordingly, in place of each y coordinate, a
modified y' coordinate is used which has been obtained
by taking into account the feed movement of the object
A.

[0091] According to a first possibility, the modified y'
coordinate is obtained as the difference between the y
coordinate of a scanning point and the y coordinate of
the corresponding point (i.e., the point that has been
found associated with the same x" value) in the previous
scan sweep, plus the feed distance L; briefly, y'=y-
[yprec+|—]'

[0092] According to another possibility, the modified
y' coordinate is obtained as the measured value y minus
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a number of feed distances L equal to the number m of
scannings performed up to that time; briefly, y'=y-mL.
[0093] Notice that triads x, y', z modified with the y'
values obtained as just described provide a faithful rep-
resentation of the true outline of the object, since ac-
count has been taken of the movements along the y ax-
is, and could be used to compute the volume directly
without going through the equivalent triads. However, a
computation of volume based directly on such modified
triads would be decidedly complicated and require ex-
pensive high capacity computer means quite unsuitable
for general applications. Thus, an approximate compu-
tation is resorted to as indicated.

[0094] The equivalenttriads x", y", z" define (with spot
approximation) a surface overlying the bearing surface
x-y. The volume included between that surface and the
bearing surface x-y gives a reasonably approximated
value of the volume of the object A.

[0095] This volume can be computed in any of several
ways, also more or less approximate, and hence by
more or less complex computation. Described here be-
low is a computation process which is specially conven-
ient in that it provides a reasonably close approximation
for fairly simple calculations.

[0096] Starting from the equivalent triads x", y", z",
viewed as points on the aforesaid surface, the projec-
tions of such points onto the bearing surface x-y are con-
sidered; in practice, the points with coordinates x", y",
z"=0 are considered. These points define, in the plane
x-y of the bearing surface a grid formed of trapezoids
with their parallel side pairs lying all parallel to one an-
other (as mentioned, the values x" are the standard
ones, the same for all the sets of triads derived from
successive scan sweeps). Thus, the area of each trap-
ezoid can be calculated and multiplied by a stipulated
height of the trapezoid to obtain an elementary volume;
the overall volume will, therefore, be the combined sum
of the elementary volumes.

[0097] The area of each trapezoid is readily obtained
as the product of the sum of the two parallel sides by
the height separating them, divided by two; the two par-
allel sides can be obtained as the difference Ay of the
y" coordinates of those points which have the same x"
coordinate, the height between the parallel sides being
the transverse resolution T.

[0098] The stipulated height of the elementary volume
is preferably obtained as the average between the four
values z" associated in the equivalent triads with the val-
ues x", y" of the trapezoid corners. To simplify the com-
putation, one of the four values z" may be taken directly
as the height of the elementary volume.

[0099] The start and end of the procedure for meas-
uring the volume of an object, as just described, are gov-
erned by the movement of the object past the entry de-
tector 39 and the exit detector 40. Alternatively, one or
both detectors could be omitted. Their functions would
then be served by the processing unit 45 using appro-
priate software to activate the measurement when a
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non-zero height z corresponds to a scan sweep, and
stop it on the occurrence of a predetermined consecu-
tive number of zero height scan sweeps; this number
may be as low as 1, or at any rate be a small number.

[0100] Where the measuring procedure is started
from software, the scanner 34 must be kept operating
all the time, even if no measuring procedure is in
progress, in order for the arrival of an object to be de-
tected. On the other hand, the provision of an entry de-
tector 39 allows the scanner 34 to be disabled when
there are no objects to be measured, and accordingly,
despite the added complexity it entails in the apparatus
construction, itis preferred wherever a markedly discon-
tinuous inflow of objects for measurement is anticipated.
By contrast, the presence or absence of an exit detector
40 would not impair the ability to turn off the scanner 34
at the end of a measuring procedure. Therefore, the
preference would usually go to the embodiment wherein
the end of the measuring procedure is detected by soft-
ware means.

[0101] Preferably, the apparatus 30 further includes a
means of reading an optical code K (such as a bar code,
a two-dimensional code, a color code, or the like) asso-
ciated with the object A. A dedicated scanner could be
provided or the scanner 34 itself used for the purpose.
[0102] The embodiment form is specially advanta-
geous wherein the apparatus 30 is used with just the
scanner 34 mounted at an angle  from the vertical to
the bearing surface 31; this inclination corresponds, in
fact, to the preferred working position of a scanner for
reading optical codes.

[0103] In the apparatus described hereinabove, the
information about an object A provided by the scanning,
i.e. the measurement of its volume and any information
to be obtained by reading the optical code K, is prefer-
ably recorded in a record of a file stored within the
processing unit, so that the file will ultimately contain in-
formation covering all the objects that have been moved
across the bearing surface. This information can later
serve various purposes, e.g. conducting the storehouse
premises or loading carriers, printing labels to be at-
tached to the objects, or else.

[0104] In certain cases, a higher degree of accuracy
may be needed in computing the volume of objects
which are markedly irregular in shape, that is objects
having bulging portions which cannot be neglected. In
such cases, additional scanners may be arranged at
one or both sides of the belt conveyor 31. Thus, a more
accurate assessment of the volume can be obtained by
measuring the distances of points on the side surfaces.
It could also be arranged for the belt conveyor 31 to be
transparent to laser light, and another laser to be placed
under the belt; the bottom laser would then measure the
distances of points on the underside of the objects to
thereby provide a true measurement of volume.

[0105] Shown in Figure 7 is an apparatus 50 which
comprises a bearing surface 51 for objects A to be
measured for volume. The bearing surface 51 is sub-
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stantially horizontal and consists preferably of a belt
conveyor, also denoted by the numeral 51, which can
be driven along a feed direction 52 and is guided by roll-
ers 53, one of which is powered.

[0106] The apparatus 50 includes a modulated light
laser scanner 54 capable of measuring a distance, e.g.
a similar one to that described in US-A-5 483 051 by this
Applicant. The scanner 54 utilizes a laser beam which
sweeps a scan plane 55 incident onto the plane of the
bearing surface 51. Specifically, the scanner 54 is
placed above the bearing surface 51; the scan plane 55
is set at an angle B from the perpendicular to the plane
of the bearing surface 51 and intersects this plane along
a scan base line 56; the scan base line 56 is.inclined at
an angle o to a line 57 of the bearing surface 51 which
lies perpendicularly to the feed direction 52.

[0107] The apparatus 50 also includes a CCD
(Charge Coupled Device) reader, shown at 4, which
comprises a matrix of very many individual light-sensi-
tive elements arranged into one or more straight arrays
(of which only one is used). The CCD reader 4 acts in
a read plane 5 which is vertical to the bearing surface
51. The read plane 5 intersects the plane of the bearing
surface 51 along a read base line 6 lying at an angle y
with respect to a line 7 of the bearing surface 51 which
lies perpendicularly to the feed direction 52.

[0108] The section of the bearing surface 51 next to
the scan base line 56 and the read base line 6, and in-
dicated as the scan/read zone 58, is bounded by an en-
try detector 59 and an exit detector 60, being both pref-
erably comprised of photocells. A lamp (not shown) is
arranged to illuminate the scan/read zone 58 in order
for the CCD reader 4 to operate its reckoning.

[0109] The bearing surface 51 is provided with an en-
coder 61, that is with a device adapted to issue a signal
each time that the bearing surface 51 is moved exactly
through a predetermined feed distance L. The encoder
61 may be of any type, e.g. electro-optical like the en-
coder 21 shown schematically in Figure 8 and described
hereinabove.

[0110] Also provided is a processing unit 65,. which
may be incorporated to the scanner 54, or separate and
suitably connected to both the scanner 54 and the CCD
reader 4.

[0111] The apparatus 50 operates as follows. Objects
A to be measured for volume are placed onto the belt
conveyor 51, at a spacing from one another. The con-
tinuous motion of the belt conveyor 51 will take each
object A to the entry detector 59, and then into the scan/
read zone 58. The object movement past the entry de-
tector 59 triggers the delivery of a signal to the process-
ing unit 65, whereby the unit will initiate the measuring
procedure.

[0112] The encoder 61 also delivers a signal to the
processing unit 65, during the movement of the belt con-
veyor 51, each time that the belt conveyor 51, carrying
the object A, travels a distance same as the predeter-
mined feed distance. Each time that a signal is received
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from the encoder 61, a scanning operation is performed;
the scanner 54, once enabled by the sensor 59, will in
fact scan the object A continuously, but the processing
unit 65 only store the n values of the corresponding scan
sweep to the encoder signal. It should be noted that the
infeed speed of the belt conveyor 51, fast as it may be,
is far slower than the sweep rate of the laser beam of
the scanner 54, so that the distance moved by the object
A relative to the scan plane 55 during the time taken by
the scanner 54 for a full sweep across the scan plane
55 is quite trivial.

[0113] Upon the object A reaching the scan base line
56, the laser beam of the scanner 54 will impinge on the
object A. Under control by the processing unit 65, the
scanner 54 will reckon the positions of n points of meas-
urement spotted by the laser beam on the object A.
[0114] To this aim, the scanner 54 reckons, for each
point of measurement, both its distance from the scan-
ner 54 (or rather, from the imaginary point whence the
rays appear to issue) and the angular position of the la-
ser beam, thereby obtaining the values in polar coordi-
nates of the position of that point in the scan plane 55.
These values are then processed by the unit 65 to obtain
values therefrom which are representative of the posi-
tion of the point in a system of Cartesian coordinates
having the y axis coincident with the feed direction, the
x axis directed along the line 57 (that is, such that the
x-y plane will coincide with that of the bearing surface
51), and the z axis directed upwards. For this conver-
sion, the angle «a (i.e., the slope of the scan line 56 with
respect to the y axis), the angle B (i.e., the slope of the
scan plane 55 with respect to the perpendicular to the
bearing surface 51), and the scanner 54 position must
be known. The computations involved in this conversion
will not be discussed herein because known per se and
well within the capability of a person of ordinary skill in
the art. Of course, any other selected Cartesian refer-
ence system in space could be reduced to that indicat-
ed, by a mathematical operation of rotation/translation,
and accordingly, can be regarded as equivalent to the
indicated system.

[0115] With small angles o and B, less than 15°, the
actual error introduced by ignoring them is minimal, on
the order of a few percent at most; on the other hand,
the complexity of the computation involved to accom-
modate them would be quite significant. In many prac-
tical applications of an apparatus according to the in-
vention, and in order to keep its manufaturing, installa-
tion, and setting up costs as low as possible, it is pref-
erable if the angles o. and B can be kept. small (prefer-
ably in the 5° to 10° range, with 15° as a maximum) and
their effects neglected. In this way, the scan plane 55
would be virtually likened to the plane x-z. Thus, the out-
come of the scanning process will be a set of points
which lie on the outline of a cross-section through the
object, see also Figure 7b.

[0116] Asshownin Figure 7b, however, with an object
having some peculiar cross-section, the information
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provided by the scan sweep may be inadequate to cor-
rectly assess the object outline. In fact, due to the posi-
tion of the scanner 54, the object may have blanketed
regions not spotted by the laser beam, such as the out-
line portion included between points D and C in the fig-
ure. To accommodate such regions in a more realistic
fashion, reading by the CCD reader 4 is provided.
[0117] In fact, at a given scan sweep by the scanner
54, a corresponding reading is effected with the CCD
reader 4 which is offset in time (based upon the infor-
mation received from the encoder 61) so as to be related
to the same portion of the object A as has been scanned.
In reading by the CCD reader 4, the overall hamper of
the object A at the read line 6, i.e. the segment AD in
Figure 7b, is reckoned. This value would not correspond
exactly to the transverse dimension of the cross-section
of the object A, due to the angle y being non-zero. How-
ever, the errors introduced by neglecting its effect are
minor, just as they were mentioned to be in connection
with the angles oo and B, so that they are preferably taken
into no account in the above instances, and attention is
paid to having the angle y small (preferably in the 5° to
10° range, and not larger than 15°). By measuring o, 3
and ythrough appropriate computations, however, exact
measurements can be obtained.

[0118] The information gathered from the scanning by
the scanner 54 and the reading by the CCD reader 4 is
processed by the unit 65 to construct a stipulated outline
which approaches the true outline of the cross-section
with a desired degree of approximation.

[0119] In this respect, from Figure 7b it can be seen
thatin no case can the true shape of the outline between
the points C and D be found, and that different criteria
must be applied for the construction of the stipulated
outline.

[0120] Based on the information supplied by the laser
54 alone, the quadrilateral ABCF would be determined
as the stipulated outline, thereby providing an approxi-
mation to the nearest value below. On the other hand,
by combining with the reading from the CCD reader 4,
the segment CD or line CED can be selected between
C and D. Selecting the line CD appears to be a statisti-
cally more realistic choice if a large number of measure-
ments are considered; however, this choice would fail
to tell whether the approximation is to the nearest value
below or above for each measurement. By selecting the
line CED, we can be assured of an approximation to the
nearest value above, even if the absolute error has to
be a more significant one.

[0121] Notice that, in all cases, for objects which ap-
proach a parallelepipedon in shape (as do most of the
parcels handled by a distributing station), the segment
CD would be substantially vertical and the segment FD
would tend to zero. Accordingly, the actual differences
between the various types of approximations would al-
most amount to zero in practice, and the stipulated out-
line would be virtually coincident with the true one.
[0122] Then, after obtaining the stipulated outline at
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each scan sweep and corresponding reading, the unit
65 will compute its area. Several computation process-
es may be used for the purpose which provide varying
degrees of approximation and are of greater or lesser
complexity. A specially convenient computation process
is to consider the x and z coordinates of the points on
the stipulated outline which have either been reckoned
by the scanning (sections ABC) or assumed to the
processing according to a comparison of the scanning
with the reading (section CD, selected as desired). As
previously mentioned, the angles o, B and y may either
be measured and their effect calculated, or be neglect-
ed. Thus, the area of the stipulated outline can be com-
puted as the sum of several elementary areas, each
having a base equal to the difference in value between
the x coordinates of two successive points, and a height
equal to a stipulated z coordinate to be selected, for ex-
ample, equal to one value of the z coordinates of the
two points (either the first or the second, or the lowest
or the highest, or one selected at random), or to the av-
erage therebetween, or an intermediate value.

[0123] The area of the stipulated outline is then mul-
tiplied by the feed distance (if desired, as multiplied by
cosa, if the effect of the angle a is to be accommodated),
thereby obtaining an elementary volume. The elemen-
tary volume corresponds (with the same degree of ap-
proximation as the stipulated outline) to the volume of a
portion of the object spanned by two successive scan
sweeps and readings.

[0124] The above-described steps are repeated at dif-
ferent cross-sections of the object, and a series of ele-
mentary volumes stored, while the object A locates with-
in the scan/read zone 58. At a certain moment, the exit
detector 60 will signal that the object A has moved out
of the scan/read zone 58; thereupon, the processing unit
65 terminates the measuring procedure, adds together
all the stored elementary volumes, and issues an ap-
proximate measurement of the volume of the object A.
[0125] The start and end of the procedure for meas-
uring the volume of an object, as described above, are
governed by the movement of the object past the entry
detector 59 and the exit detector 60. Alternatively, one
or both detectors could be omitted. Their functions
would then be served by the processing unit 65 using
appropriate software to activate the measurement (i.e.,
clear the elementary volume count) when a stipulated
outline of non-zero area corresponds to a scan sweep
and reading, and stop it (i.e., pick up the combined sum
of the stored elementary volumes) on the occurrence of
a predetermined consecutive number of zero area scan
sweeps and readings; this number may be as low as 1,
or at any rate be a small number.

[0126] Where the measuring procedure is initiated
from software, the scanner 54 and CCD reader 4 must
be kept operating all the time, even if no measuring pro-
cedure is in progress, in order for the arrival of an object
to be detected. On the other hand, the provision of an
entry detector 59 allows the scanner 54 and CCD reader

10

15

20

25

30

35

40

45

50

55

12

4 to be disabled when there are no objects to be meas-
ured, and accordingly, despite the added complexity it
entails in the apparatus construction, it is preferred
wherever a markedly discontinuous inflow of objects for
measurement is expected. On the other hand, the pres-
ence or absence of an exit detector 60 would not impair
the ability to turn off the scanner 54 and CCD reader 4
at the end of a measuring procedure. Therefore, the
preference would usually go to the embodiment wherein
the end of the measuring procedure is detected by soft-
ware means.

[0127] Advantageously, the apparatus 50 also in-
cludes a means of reading an optical code K associated
with the object A. The scanner 54, or the CCD reader 4,
could itself be used for the purpose in a manner known
per se.

[0128] In the apparatus described hereinabove, the
information about an object A provided by the scanning
and reading, i.e. the measurement of its volume and any
information to be obtained by reading the optical code
K, is preferably recorded in a record of a file stored within
the processing unit, so that the file will ultimately contain
information covering all the objects that have been
moved across the bearing surface. This information can
later serve various purposes, e.g. conducting the store-
house premises or loading carriers, printing labels to be
attached to the objects, or else.

[0129] Asrelates to reading the optical code K, where
the apparatus 10, 30, 50 are operated with a single
scanner 14, 34, 54 mounted vertically above the bearing
surface 11, 31, 51, optical filters (polarizers) would be
suitably included for reading the optical code. In fact, in
the vertical arrangement, the scanner would not only
pick up scattered light from the illuminated optical code
(and containing useful information), but also reflected
light which may be fairly strong; without a filter, a daz-
zling or blinding effect could result to prevent the code
from being read.

[0130] Forimproved performance in the matter of op-
tical code reading, it is preferable, however, if the scan
plane is set at an angle from the vertical. Therefore,
whenever the volume is to be measured using a vertical
scanner, one of the embodiments shown in Figure 2, 3
or 4 will be used of preference, wherein the code reading
and volume measurement are provided by different
scanners.

[0131] It may be convenient (see Figure 9) to use a
dual scanner 94, that is a scanner having two discrete
laser emitters 95 and 96, and a dual rotor 97, with a first
portion formed with first mirror faces 98 set at an angle
to the axis R of the rotor 97, and a second portion formed
with second mirror faces 99 set at a different angle from
the first mirror faces 98; for example, the axis R could
lie parallel to the bearing surface of the apparatus, the
first faces 98 parallel to the axis R, and the second faces
99 set at an angle B to the axis R. In this way, the ded-
icated scan plane for volume measurement can be ori-
ented vertically, and the dedicated scan plane for optical
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code reading oriented obliquely.

Claims

1.

An optical process for acquiring information related
to an object (A), comprising the following steps:

reading an optical code (K) associated with the
object and

detecting the outline and/or the volume of the
object,

characterized in that said step of detecting the out-
line and/or the volume comprises the step of effect-
ing at least one scan of the object (A) with at least
one laser beam emitted from at least one laser unit
(100, 101, 200, 201, 400, 500, 501, 600, 601) which
is capable of measuring a distance.

A process according to claim 1, wherein said at
least one laser unit comprises at least one modu-
lated light laser emitter.

A process according to claim 1 or 2, wherein the
step of reading said optical code is effected by
means of said at least one laser unit.

A process according to claim 1 or 2, wherein the
step of reading said optical code is effected by
means of a CCD reader.

A process according to claim 4, further comprising
the step of illuminating the object for allowing the
CCD reader to read said optical code.

A process according to anyone of the preceding
claims, wherein the step of detecting the outline
and/or the volume comprises the following steps:

placing the object (A) onto a bearing surface;

defining at least one scan plane with a laser
beam from a laser unit that overlies the bearing
surface, the scan plane intersecting the object;

effecting at least one scan of the object;

measuring the height of a plurality of n points
of measurement on a face of the object from
the bearing surface by means of a laser beam
which is capable of measuring the distance of
such points of measurement.

A process according to anyone of the preceding
claims, wherein the step of detecting the outline
and/or the volume comprises the step of measuring
the volume of the object.
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8. Aprocess according to claim 7, wherein the volume

measurement is obtained by the following steps:

a) placing the object onto a bearing surface;
b) defining a feed direction for the object on the
bearing surface;

c) defining a scan plane, intersecting the plane
of the bearing surface along a scan base line
which lies transverse to the feed direction, with
a laser beam from a laser unit that overlies the
bearing surface being arranged to act in the
scan plane;

d) moving the object across the bearing surface
along the feed direction, relative to the scan
plane, until the scan plane will intersect the ob-
ject;

e) obtaining the height, above the bearing sur-
face, of n points of measurement contained in
a top face of the object and the scan plane;

f) defining a stipulated height as a function of
the measured heights of two successive points
of measurement;

g) obtaining the plan position on the bearing
surface of the n points of measurement;

h) defining a stipulated base as a function of
the plan positions on the bearing surface of
each pair of adjacent points of measurement;
i) computing a stipulated area element, vertical
to the bearing surface, for each pair of adjacent
points of measurement, as by multiplying the
stipulated base by the stipulated height;

j) computing a stipulated area as the combined
sum of the stipulated area elements computed;
k) moving the object relative to the scan plane
a predetermined feed distance along a feed di-
rection across the bearing surface;

I) defining a stipulated thickness as a function
of the feed distance;

m) computing a volume element by multiplying
the stipulated area by the stipulated thickness;
n) repeating steps e) to m) above until the entire
object is scanned;

0) computing the object volume as the com-
bined sum of all the volume elements.

9. Aprocess according to claim 7, wherein the volume

measurement is obtained by the following steps:

placing the object onto a bearing surface;
defining a feed direction for the object on the
bearing surface;

defining a scan plane, intersecting the plane of
the bearing surface along a scan base line
which lies transverse to the feed direction, with
a laser beam from a laser unit that overlies the
bearing surface being arranged to act in the
scan plane;

defining a fixed Cartesian reference system
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having a longitudinal axis (y) along the feed di-
rection, a transverse axis (x) orthogonal to the
longitudinal axis (y), and a vertical axis (z) or-
thogonal to the plane of the bearing surface;
moving the object across the bearing surface,
along the feed direction, relative to the scan
plane until the scan plane will intersect the ob-
ject;

effecting a scan sweep across the object in the
scan plane by means of the laser unit;
reckoning and storing a set of triads of coordi-
nates (X, y, z) of n points of measurement of the
object swept by the laser beam in the scan
plane;

moving the object relative to the scan plane
through a feed distance in the feed direction
equal to a predetermined longitudinal resolu-
tion (L);

repeating the three last-mentioned steps until
the entire object is scanned;

establishing a set of standard values (x") for the
transverse coordinate separated by a value
equal to a predetermined transverse resolution
(T);

constructing, for each scan sweep, a set of
equivalent triads (x", y", z") representing equiv-
alent points, wherein the values of the trans-
verse coordinate (x") are equal to the values of
the standard set, and the values of the longitu-
dinal coordinate (y") and the vertical coordinate
(z") are respectively functions of the values of
the reckoned longitudinal and vertical coordi-
nates (y, z);

computing the volume included between the
bearing surface (x, y) and the surface defined
by those points which have equivalent coordi-
nates (x", y", z").

10. A process according to claim 7, wherein the volume

measurement is obtained by the following steps:

placing the object onto a bearing surface;
defining a feed direction for the object on the
bearing surface;

defining a scan plane, intersecting the plane of
the bearing surface along a scan base line
which lies transverse to the feed direction, with
at least one laser beam from a laser unit that
overlies the bearing surface being arranged to
act in the scan plane;

defining a read plane intersecting the plane of
the bearing surface along a read base line
which lies transverse to the feed direction, light
beams being active in the read plane which are
picked up by the CCD reader located above the
bearing surface;

moving the object across the bearing surface,
along the feed direction, relative to the scan
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and read planes such that the object will cross
these planes;

effecting a series of scan sweeps across the
object in the scan plane with the laser beam,
such that at each scan sweep, the positions of
n points of measurement defining the object
outline as spotted by the laser beam are reck-
oned;

effecting a corresponding series of readings of
the object by means of a CCD reader to reckon,
at each reading, the maximum width of the ob-
ject outline as spotted by the CCD reader, each
reading being offset in time with respect to the
corresponding laser scan sweep by a neces-
sary time period to allow the reading to be ef-
fected at the same location on the object where
the scan sweep was effected;

processing the information from each scan
sweep along with the information from the cor-
responding reading to define a set of stipulated
outlines of the object;

computing the area of each stipulated outline;
computing a feed distance travelled by the ob-
ject between two successive scan sweeps or
between two successive readings;

computing, for each stipulated outline, an ele-
mentary volume as the product of the area of
the stipulated outline by the feed distance;
computing the volume of the object as the com-
bined sum of the elementary volumes.

An optical apparatus for acquiring information relat-
ed to an object (A), comprising a reading means for
reading an optical code (K) associated with the ob-
jectand a means for detecting the outline and/or the
volume [deletion(s)] of the object, characterized
in that said means for detecting the outline and/or
the volume of the object, comprises at least one la-
ser unit (100, 101, 200, 201, 400, 500, 501, 600,
601) capable of measuring a distance.

An apparatus according to claim 11, wherein said
at least one laser unit comprises at least one mod-
ulated light laser emitter.

An apparatus according to claim 11 or 12; compris-
ing at least two laser light emitters.

An apparatus according to anyone of claims from
11 to 13, wherein the at least one laser unit forms
part of both the reading means and the means for
detecting the outline and/or the volume.

An apparatus according to anyone of claims from
11 to 14, wherein the means for detecting the outline
and/or the volume comprises a means for measur-
ing the volume of the object.
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16. An apparatus according to claim 15, comprising:

at least one laser unit including a laser light
emitter and a means of controlling and aiming it;
at least one analog signal processing unit re-
ceiving signals from the laser unit;

an A/D converter receiving, from the analog
processing unit, signals related to the distance
of the points being spotted by the laser;

a decoder unit receiving, from the analog
processing unit, signals related to the optical
code;

a processing/storage unit receiving signals
from the A/D converter and the decoder unit.

17. an apparatus according to claim 16, wherein:

the means of reading the optical code and
means of measuring the volume share the laser
unit, processing unit, and processing/storage
unit;

the means of reading the optical code further
includes the decoder unit;

the means of measuring the volume further in-
cludes the A/D converter.

18. An apparatus according to claim 16, wherein:

the means of reading the optical code and
means of measuring the volume share the
processing/storage unit;

the means of reading the optical code further
includes a first laser unit, first processing unit,
and the decoder unit;

the means of measuring the volume further in-
cludes a second laser unit, a second process-
ing unit, and the A/D converter.

19. An apparatus according to claim 18, wherein:

the processing/storage unit, first laser unit, first
processing unit, decoder unit, and A/D convert-
er are incorporated to a scan/processing unit;

the second laser unit and second processing
unit are incorporated to a scan unit.

20. An apparatus according to claim 18, wherein:

the processing/storage unit, second laser unit,
second processing unit, decoder unit, and A/D
converter are incorporated o a scan/processing
unit;

the first laser unit and first processing unit are
incorporated to a scan unit.

21. An apparatus according to claim 18, wherein:

the processing/storage unit, decoder unit, and
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A/D converter are incorporated to a processing
unit;

the first laser unit and first processing unit are
incorporated to a first scan unit;

the second laser unit and second processing
unit are incorporated to a second scan unit.

An apparatus according to anyone of the preceding
claims, wherein said means for detecting the outline
and/or the volume further comprises a CCD reader.

An apparatus according to anyone of claims from
11 to 13, wherein the reading means comprises a
CCD reader.

An apparatus according to claim 23, further com-
prising a means for illuminating the object for allow-
ing the CCD reader to read said optical code.

An apparatus according to anyone of claims from
11 to 17 or 23-24, wherein the means of reading the
optical code and means for detecting the outline
and/or the volume are incorporated to a common
scan/processing unit.

An apparatus according to claim 25 when depend-
ing on claim 17, wherein the laser unit comprises
two laser emitters and a single moving-mirror de-
flector, the deflector having two discrete sets of mir-
ror surfaces lying at an angle to each other, for the
two laser emitters.

Patentanspriiche

1.

Optisches Verfahren zum Erfassen von Informati-
on, die in Bezug zu einem Gegenstand (A) steht,
welches die folgenden Schritte aufweist:

Lesen eines optischen Codes (K), der dem Ge-
genstand zugeordnetist und Erfassen des Um-
risses und/oder des Volumens des Gegen-
stands, dadurch gekennzeichnet, daB der
Schritt eines Erfassens des Umrisses und/oder
des Volumens den Schritt eines Bewirkens von
zumindest einer Abtastung des Gegenstandes
(A) mit zumindest einem Laserstrahl beinhaltet,
der von zumindest einer Lasereinheit (100,
101, 200, 201, 400, 500, 501, 600, 601) ausge-
sandt wird, welche zum Messen einer Entfer-
nung geeignet ist.

Verfahren nach Anspruch 1, wobei die zumindest
eine Lasereinheit zumindest einen modulierten
Lichtlaser-Emitter aufweist.

Verfahren nach Anspruch 1 oder 2, wobei der
Schritt eines Lesens des optischen Codes mittels
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der zumindest einen Lasereinheit bewirkt wird.

Verfahren nach Anspruch 1 oder 2, wobei der
Schritt eines Lesens des optischen Codes mittels
eines CCD-Lesers bewirkt wird.

Verfahren nach Anspruch 4, welches des weiteren
den Schritt eines Beleuchtens des Gegenstands
aufweist, um es dem CCD-Leser zu ermdglichen,
den optischen Code zu lesen.

Verfahren nach irgendeinem der vorhergehenden
Anspriiche, wobei der Schritt eines Erfassens des
Umrisses und/oder des Volumens, die folgenden
Schritte aufweist:

Plazieren des Gegenstandes (A) auf einer tra-
genden Oberflache;

Definieren von zumindest einer Abtastungs-
ebene mit einem Laserstrahl von einer La-
sereinheit, welche der tragenden Oberflache
Uberlagert ist, wobei die Abtastungsebene den
Gegenstand schneidet,

Bewirken von zumindest einer Abtastung des
Gegenstandes;

Messen der Hohe einer Mehrzahl von n
MefRpunkten auf einer Flache des Gegenstan-
des von der tragenden Oberflache mittels eines
Laserstrahls, der dazu geeignet ist, die Entfer-
nung dieser MefRpunkte zu messen.

Verfahren nach irgendeinem der vorhergehenden
Anspriiche, wobei der Schritt eines Erfassens des
Umrisses und/oder des Volumens den Schritt eines
Messens des Volumens des Gegenstandes auf-
weist.

Verfahren nach Anspruch 7, wobei die Volumen-
messung durch die folgenden Schritte erzielt wird:

a) Plazieren des Gegenstandes auf einer tra-
genden Oberflache;

b) Definieren einer Vorschubrichtung fir den
Gegenstand auf der tragenden Oberflache;

c) Definieren einer Abtastungsebene, Schnei-
den der Ebene der tragenden Oberflache langs
einer Abtastungsbasislinie, die quer zur Vor-
schubrichtung liegt, mit einem Laserstrahl von
einer Lasereinheit, welche der tragenden Ober-
flache uberlagert ist, welche so angeordnet ist,
daf sie in der Abtastungsebene wirksam ist;
d) Bewegen des Gegenstands Uber die tragen-
de Oberflache langs der Vorschubrichtung re-
lativ zu der Abtastungsebene, bis die Abta-
stungsebene den Gegenstand schneidet;

e) Erhalten der H6he Uber der tragenden Ober-
flache von n MeRpunkten, die in einer obersten
Flache des Gegenstandes und der Abtastungs-
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ebene enthalten sind;

f) Definieren einer festgesetzten Hohe als eine
Funktion der gemessenen Hohen von zwei auf-
einanderfolgenden MefRpunkten;

g) Erhalten der Planungsposition der n
MeRpunkte auf der tragenden Oberflache;

h) Definieren einer festgesetzten Basis als eine
Funktion der Planungspositionen auf der tra-
genden Oberflache jedes Paares benachbarter
MeRpunkte;

i) Berechnen eines festgesetzten Flachenele-
mentes vertikal zur tragenden Oberflache fiir
jedes Paar benachbarter MeRpunkte durch
Multiplizieren der festgesetzten Basis mit der
festgesetzten Hohe;

j) Berechnen einer festgesetzten Flache als die
kombinierte Summe der festgesetzten berech-
neten Flachenelemente;

k) Bewegen des Gegenstands relativ zu der
Abtastungsebene einer vorbestimmten Vor-
schubentfernung langs einer Vorschubrichtung
Uber die tragende Oberflache;

I) Definieren einer festgesetzten Dicke als eine
Funktion der Vorschubentfernung;

m) Berechnen eines Volumenelementes durch
Multiplizieren der festgesetzten Flache mit der
festgesetzten Dicke;

n) Wiederholen der obigen Schritte ) bis m) bis
der gesamte Gegenstand abgetastet ist;

0) Berechnen des Gegenstandsvolumens als
die kombinierte Summe aller Volumenelemen-
te.

9. Verfahren nach Anspruch 7, wobei die Volumen-

messung durch die folgenden Schritte erzielt wird:

Plazieren des Gegenstandes auf einer tragen-
den Oberflache;

Definieren einer Vorschubrichtung fur den Ge-
genstand auf der tragenden Oberflache;
Definieren einer Abtastungsebene, Schneiden
der Ebene der tragenden Oberflache langs ei-
ner Abtastungsbasislinie, die quer zu der Vor-
schubrichtung liegt, mit einem Laserstrahl von
einer Lasereinheit, welche der tragenden Ober-
flache Giberlagert ist, die so angeordnet ist, dafy
sie in der Abtastungsebene wirkt;

Definieren eines festen kartesischen Bezugsy-
stems mit einer Langsachse (y) langs der Vor-
schubrichtung, einer Querachse (x) orthogonal
zu der Langsachse (y) und einer Vertikalachse
(z) orthogonal zu der Ebene der tragenden
Oberflache;

Bewegen des Gegenstandes (iber die tragende
Oberflache langs der Vorschubrichtung relativ
zur Abtastungsebene, bis die Abtastungsebe-
ne den Gegenstand schneidet;

Bewirken eines abtastenden Uberstreichens
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Uber den Gegenstand in der Abtastungsebene
mittels der Lasereinheit;

Berechnen und Speichern eines Satzes von
Koordinaten-Dreiergruppen (x, y, z) von n
MeRpunkten des Gegenstandes, der durch den
Laserstrahl in der Abtastungsebene Uberstri-
chen wurde;

Bewegen des Gegenstandes relativ zur Abta-
stungsebene Uber eine Vorschubentfernung in
der Vorschubrichtung, die gleich einer vorbe-
stimmten Langsauflésung (L) ist;

Wiederholen der drei zuletzt genannten Schrit-
te bis der gesamte Gegenstand abgetastet ist;
Einrichten eines Satzes von Standardwerten
(x") fur die Querkoordinate, die durch einen
Wert unterteilt ist, der gleich einer vorbestimm-
ten Querauflésung (T) ist;

Entwerfen eines Satzes &quivalenter Dreier-
gruppen (x", y", z"), welche aquivalente Punkte
darstellen, fir jedes abtastende Uberstreichen,
wobei die Werte der Querkoordinate (x") gleich
den Werten des Standardsatzes sind und die
Werte der Langskoordinate (y") und der Verti-
kalkoordinate (z") jeweils Funktionen der Werte
der berechneten Langs- und Vertikalkoordina-
ten (y, z) sind;

Berechnen des Volumens, das zwischen der
tragenden Oberflache (x, y) und der Oberflache
enthalten ist, welche durch diese Punkte, die
aquivalente Koordinaten (x", y", z") aufweisen,
definiert ist.

10. Verfahren nach Anspruch 7, wobei die Volumen-

messung durch die folgenden Schritte erzielt wird:

Plazieren des Gegenstandes auf einer tragen-
den Oberflache;

Definieren einer Vorschubrichtung fir den Ge-
genstand auf der tragenden Oberflache;
Definieren einer Abtastungsebene, Schneiden
der Ebene der tragenden Oberflache langs ei-
ner Abtastungsbasislinie, die quer zur Vor-
schubrichtung liegt, mit zumindest einem La-
serstrahl von einer Lasereinheit, welche der
tragenden Oberflache Uberlagert ist, die so an-
geordnet ist, dal} sie in der Abtastungsebene
wirksam ist;

Definieren einer Leseebene, welche die Ebene
der tragenden Oberflache langs einer Leseba-
sislinie schneidet, die quer zur Vorschubrich-
tung angeordnet ist, wobei Lichtstrahlen, die
durch den CCD-Leser aufgenommen werden,
der sich Uber der tragenden Oberflache befin-
det, in der Leseebene aktiv sind;

Bewegen des Gegenstandes liber die tragende
Oberflache langs der Vorschubrichtung relativ
zu den Abtastungs- und Leseebenen, so daf}
der Gegenstand diese Ebenen kreuzt;
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Bewirken einer Reihe von abtastenden Uber-
streichungen Uber den Gegenstand in der Ab-
tastungsebene mit dem Laserstrahl, derart,
daR bei jedem abtastenden Uberstreichen die
Positionen von n MeflRpunkten, welche den Ge-
genstandsumrif® definieren, wie dies durch den
Laserstrahl mit Lichtpunkten markiert ist, be-
rechnet werden;

Bewirken einer entsprechenden Reihe von Le-
sevorgangen des Gegenstands mittels eines
CCD-Lesers, um bei jedem Lesen die maxima-
le Breite des Gegenstandsumrisses zu berech-
nen, wie dieser durch den CCD-Leser mit Licht-
punkten markiert ist, wobei jedes Lesen zeitlich
im Verhaltnis zu dem entsprechenden abta-
stenden Uberstreichen mit dem Laser um eine
notwendige Zeitperiode versetzt ist, um zu er-
moglichen, dal das Lesen an demselben Ort
auf dem Gegenstand, wo das abtastende Uber-
streichen bewirkt wurde, bewirkt wird;
Verarbeiten der Information von jedem abta-
stenden Uberstreichen zusammen mit der In-
formation von dem entsprechenden Lesen, um
einen Satz festgesetzter Umrisse des Gegen-
standes zu definieren;

Berechnen des Bereichs jedes festgesetzten
Umrisses;

Berechnen einer Vorschubentfernung, die
durch den Gegenstand zwischen zwei aufein-
anderfolgenden abtastenden Uberstreichun-
gen zurickgelegt wurde, oder zwischen zwei
aufeinanderfolgenden Lesevorgéangen;
Berechnen eines Elementarvolumens fir jeden
festgesetzten Umril als das Produkt der FIa-
che des festgesetzten Umrisses mit der Vor-
schubentfemung;

Berechnen des Volumens des Gegenstands
als die kombinierte Summe der Elementarvolu-
mina.

Optisches Gerat zum Erfassen von Information, die
in Bezug zu einem Gegenstand (A) steht, welches
ein Lesemittel zum Lesen eines optischen Codes
(K), der dem Gegenstand zu geordnet ist, und ein
Mittel zum Erfassen des Umrisses und/oder des Vo-
lumens des Gegenstands, dadurch gekennzeich-
net, daR das Mittel zum Erfassen des Umrisses
und/oder des Volumens zumindest eine Laserein-
heit (100, 101, 200, 201, 400, 500, 501, 600, 601)
aufweist, die dazu geeignet ist, eine Entfernung zu
messen.

Gerat nach Anspruch 11, wobei die zumindest eine
Leseeinheit zumindest einen modulierten Laser-
licht-Emitter aufweist.

Gerat nach Anspruch 11 oder 12, welches zumin-
dest zwei Laserlicht-Emitter aufweist.
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Gerat nach irgendeinem der vorhergehenden An-
spriichen von 11 bis 13, wobei die zumindest eine
Lasereinheit einen Teil sowohl des Lesemittels als
auch des Mittels zum Erfassen des Umrisses und/
oder des Volumens bildet.

Gerat nach irgendeinem der vorhergehenden An-
sprichen von 11 bis 14, wobei das Mittel zum Er-
fassen des Umrisses und/oder des Volumens ein
Mittel zum Messen des Volumens des Gegenstan-
des aufweist.

Gerat nach Anspruch 15, welches aufweist:

zumindest eine Lasereinheit, die einen Laser-
licht-Emitter und ein Mittel zum Steuern und zur
Zieleinrichtung dieses beinhaltet;

zumindest eine analoge Signalverarbeitungs-
einheit, welche Signale von der Lasereinheit
empfangt;

einen A/D-Wandler, der von der analogen Ver-
arbeitungseinheit Signale empfangt, die zur
Entfernung der Punkte in Bezug stehen, die
durch den Laser mit Lichtpunkten markiert wur-
den;

eine Decodereinheit, die von der analogen Ver-
arbeitungseinheit Signale empfangt, die in Be-
zug zu dem optischen Code stehen;

eine Verarbeitungs-/Speicherungseinheit, die
Signale von dem A/D-Wandler und der Deco-
dereinheit empféangt.

Gerat nach Anspruch 16, wobei;

das Mittel zum Lesen des optischen Codes und das
Mittel zum Messen des Volumens die Lasereinheit,
die Verarbeitungseinheit und die Verarbeitungs-/
Speicherungseinheit gemeinsam haben;

das Mittel zum Lesen des optischen Codes des wei-
teren die Decodereinheit beinhaltet;

das Mittel zum Messen des Volumens des weiteren
den A/D-Wandler beinhaltet.

Gerat nach Anspruch 16, wobei:

das Mittel zum Lesen des optischen Codes und
das Mittel zum Messen des Volumens die Ver-
arbeitungs-/Speicherungseinheit gemeinsam
haben;

das Mittel zum Lesen des optischen Codes des
weiteren eine erste Lasereinheit, eine erste
Verarbeitungseinheit und die Decodereinheit
beinhaltet;

das Mittel zum Messen des Volumens des wei-
teren eine zweite Lasereinheit, eine zweite Ver-
arbeitungseinheit und den A/D-Wandler be-
inhaltet.

Gerat nach Anspruch 18, wobei:
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20.

21.

22,

23.

24,

25.

26.

34

die Verarbeitungs-/Speicherungseinheit, die
erste Lasereinheit, die erste Verarbeitungsein-
heit, die Decodereinheit und der A/D-Wandler
in eine Abtastungs/Verarbeitungseinheit inte-
griert sind;

die zweite Lasereinheit und die zweite Verar-
beitungseinheit in eine Abtastungseihheit inte-
griert sind.

Gerat nach Anspruch 18, wobei:

die Verarbeitungs-/Speicherungseinheit, die
zweite Lasereinheit, die zweite Verarbeitungs-
einheit, die Decodereinheit und der A/D-Wand-
ler in eine Abtastungs-/Verarbeitungseinheit in-
tegriert sind;

die erste Lasereinheit und die erste Verarbei-
tungseinheit in eine Abtastungseinheit inte-
griert sind.

Gerat nach Anspruch 18, wobei:

die Verarbeitungs-/Speicherungseinheit, die
Decodereinheit und der A/D-Wandler in eine
Verarbeitungseinheit integriert sind;

die erste Lasereinheit und die erste Verarbei-
tungseinheit in eine erste Abtastungseinheit in-
tegriert sind;

die zweite Lasereinheit und die zweite Verar-
beitungseinheit in eine zweite Abtastungsein-
heit integriert sind.

Gerat nach irgendeinem der vorherigen Anspriche,
wobei das Mittel zum Erfassen des Umrisses und/
oder des Volumens des weiteren einen CCD-Leser
aufweist.

Gerat nach irgendeinem der Anspriiche 11 bis 13,
wobei das Lesemittel einen CCD-Leser aufweist.

Gerat nach Anspruch 23, welches des weiteren ein
Mittel zum Beleuchten des Gegenstandes aufweist,
um dem CCD-Leser zu ermdglichen, den optischen
Code zu lesen.

Gerat nach irgendeinem der Anspriiche 11 bis 17
oder 23-24, wobei das Mittel zum Lesen des opti-
schen Codes und das Mittel zum Erfassen des Um-
risses und/oder des Volumens in eine gemeinsame
Abtastungs-/Verarbeitungseinheit integriert sind.

Gerat nach Anspruch 25, wenn dieser von An-
spruch 17 abhangt, wobei die Lasereinheit zwei La-
ser-Emitter und einen einzelnen Deflektor mit ei-
nem bewegbaren Spiegel aufweist, wobei der De-
flektor fur die zwei Laser-Emitter zwei eigenstandi-
ge Satze von Spiegeloberflaichen aufweist, die un-
ter einem Winkel zueinander angeordnet sind.
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Revendications

Procédé optique pour acquérir une information re-
lative a un objet (A) comprenant les étapes
suivantes :

lecture d'un code optique (K) associé a l'objet
et détection du contour et/ou du volume de I'ob-
jet, caractérisé en ce que |'étape de détection
du contour et/ou du volume comprend I'étape
de réalisation d'au moins un balayage de I'objet
(A) avec au moins un faisceau laser émis de-
puis au moins une unité laser (100, 101, 200,
201, 400, 500, 501, 600, 601) qui est capable
de mesurer une distance.

Procédé selon la revendication 1, dans lequel ladite
au moins une unité laser comprend au moins un
émetteur laser modulé.

Procédé selon la revendication 1 ou 2, dans lequel
I'étape de lecture du code optique est réalisée au
moyen de ladite au moins une unité laser.

Procédé selon la revendication 1 ou 2, dans lequel
I'étape de lecture du code optique est réalisée au
moyen d'un lecteur CCD.

Procédé selon la revendication 4, comprenant en
outre I'étape d'illumination de I'objet pour permettre
au lecteur CCD de lire le code optique.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel I'étape de détection du
contour et/ou du volume comprend les étapes
suivantes :

placer I'objet (A) sur une surface de portage ;
définir au moins un plan de balayage avec un
faisceau laser d'une unité laser qui couvre la
surface de portage, le plan de balayage inter-
ceptant I'objet ;

réaliser d'au moins un balayage de I'objet ;
mesure de la hauteur d'une pluralité de n points
de mesure sur une face de l'objet par rapport a
la surface de portage au moyen d'un faisceau
laser qui est capable de mesurer la distance de
tels points de mesure.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel a |'étape de détection du
contour et/ou du volume comprend I'étape de me-
sure du volume de I'objet.

Procédé selon le revendication 7, dans lequel la
mesure du volume est obtenue par les étapes
suivantes :
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a) placer I'objet sur la surface de portage ;

b) définir une direction d'alimentation pour I'ob-
jet sur la surface de portage ;

¢) définir un plan de balayage avec un faisceau
laser d'une unité laser qui couvre la surface de
portage et qui est disposé de fagon a agir dans
le plan de balayage, ce plan de balayage inter-
ceptant le plan de la surface de portage le long
d'une ligne de base de balayage qui se trouve
transversale a la direction d'alimentation;

d) déplacer I'objet a travers la surface de por-
tage le long de la direction d'alimentation, par
rapport au plan de balayage, jusqu'a ce que le
plan de balayage intersecte I'objet ;

e) obtenir la hauteur au-dessus de la surface
de portage, de n points de mesure contenus
dans la face supérieure de I'objet et du plan de
balayage ;

f) définir une hauteur spécifiée comme une
fonction des hauteurs mesurées de deux points
de mesure successifs ;

g) obtenir la position plane sur la surface de
portage des n points de mesure ;

h) définir une base spécifiée comme une fonc-
tion des positions planes sur la surface de por-
tage de chaque paire de points de mesure
adjacents ;

i) calculer un élément de surface spécifié, ver-
tical a la surface de portage, pour chaque paire
de points de mesure adjacents, en multipliant
pour cela la base spécifiée par la hauteur
spécifiée ;

j) calculer une surface spécifiée comme la som-
me combinée des éléments de surface spéci-
fiés calculés ;

k) déplacer I'objet par rapport au plan de ba-
layage d'une distance d'alimentation prédéter-
minée le long de la direction d'alimentation a
travers la surface de portage ;

I) définir une épaisseur spécifiée comme une
fonction de la distance d'alimentation ;

m) calculer un élément de volume en multipliant
la surface spécifiée par I'épaisseur spécifiée ;

n) répéter les étapes e) a m) ci-dessus jusqu'a
ce que I'objet tout entier soit balayé ;

0) calculer le volume de I'objet comme une
somme combinée de tous les éléments de
volume ;

9. Procédé selon la revendication 7 dans lequel la me-

sure du volume est obtenue par les étapes
suivantes :

placer 'objet sur la surface de portage ;
définir une direction d'alimentation pour I'objet
sur la surface de portage ;

définir un plan de balayage avec un faisceau
laser d'une unité laser qui couvre la surface de
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portage et qui est disposée de fagon a agir dans
le plan de balayage, ce plan de balayage inter-
sectant le plan de la surface de portage le long
d'une ligne de base de balayage qui se trouve

tage le long d'une ligne de base de balayage
qui se trouve transversale a la direction
d'alimentation ;

définir un plan de lecture intersectant le plan de

transversale a la direction d'alimentation ; 5 la surface de portage le long d'une ligne de ba-
définir un systéme de référence cartésien fixe se de lecture qui se trouve transversale a la di-
ayant un axe longitudinal (y) le long de la direc- rection d'alimentation, des faisceaux de lumié-
tion d'alimentation, un axe transversal (x) or- re actifs dans le plan de lecture étant regus par
thogonal a I'axe longitudinal (y), et un axe ver- le lecteur CCD disposé au-dessus de la surface
tical (z) orthogonal au plan de la surface de 10 de portage ;
portage ; déplacer I'objet a travers la surface de portage,
déplacer I'objet a travers la surface de portage le long de la direction d'alimentation, par rap-
le long de la direction d'alimentation par rapport port au plan de balayage et de lecture de telle
au plan de balayage jusqu'a ce que le plan de sorte que l'objet traverse ces plans ;
balayage intersecte I'objet ; 15 réaliser une série de champs de balayage a tra-
réaliser un champ de balayage a travers l'objet vers l'objet dans le plan de balayage avec le
dans le plan de balayage au moyen de l'unité faisceau laser, de telle sorte qu'a chaque
laser ; champ de balayage, les positions des n points
compter et enregistrer un ensemble de triades de mesure définissant le contour de I'objet tel
des. coordonnées (X, y, z) des n points de me- 20 que tracé par le faisceau laser sont comptées ;
sure de 'objet balayé par le faisceau laser dans réaliser une série correspondante de lecture de
le plan de balayage ; I'objet au moyen d'un lecteur CCD, pour comp-
déplacerl'objet par rapport au plan de balayage ter, a chaque lecture, la largeur maximale du
sur une distance d'alimentation dans la direc- contour de I'objet tel que repéré par le lecteur
tion d'alimentation égale a une résolution lon- 25 CCD, chaque lecture étant décalée dans le
gitudinale prédéterminée (L) ; temps par rapport au champ de balayage laser
répéter les trois derniéres étapes jusqu'a ce correspondant par une période temporelle né-
que l'objet entier soit balayé ; cessaire pour permettre la lecture d'étre réali-
établir un ensemble de valeurs standard (x") sée sur |'objet au méme endroit qu'a été réalisé
pour la coordonnée transversale séparées par 30 le champ de balayage;
une valeur égale a la résolution transversale traiter l'information provenant de chaque
prédéterminée (T); ( ?) champ de balayage avec l'information prove-
construire, pour chaque champ de balayage, nant de la lecture correspondante pour définir
un ensemble de triades (x", y", z") représentant un ensemble de contours spécifiés de l'objet ;
des points équivalents dans lequel les valeurs 35 calculer la surface de chaque contour spécifié ;
de la coordonnée transversale (x") sont égales calculer une distance d'alimentation parcourue
aux valeurs de I'ensemble standard, et les va- par I'objet entre deux champs de balayage suc-
leurs de la coordonnée longitudinale (y") et de cessifs ou entre deux lectures successives ;
la coordonnée verticale (z") sont respective- calculer, pour chaque contours spécifiés, un
ment fonction des valeurs des coordonnées 40 volume élémentaire comme le produit de la sur-
longitudinales et verticales comptées (y, z) ; face du contour spécifié¢ par la distance
calculer le volume inclus entre la surface de d'alimentation ;
portage (x, y) et la surface définie par les points calculer le volume de I'objet comme la somme
qui ont des coordonnées équivalentes (x", y", combinée des volumes élémentaires.
z"). 45
11. Dispositif optique pour acquérir une information re-
10. Procédé selon la revendication 7, dans lequel la lative a un objet (A), comprenant des moyens de
mesure du volume est obtenue par les étapes lecture pour lire un code optique (K) associé al'objet
suivantes : et des moyens pour détection du contour et/ou du
50 volume de l'objet, caractérisé en ce que les
placer l'objet sur une surface de portage ; moyens pour détection du contour et/ou du volume
définir une direction d'alimentation pour I'objet comprennent au moins une unité laser (100, 101,
sur la surface de portage ; 200, 201, 400, 500, 501, 600, 601) capable de me-
définir un plan de balayage avec au moins un surer une distance.
faisceau laser d'une unité laser qui couvre la 55
surface de portage et qui est disposée de fagon 12. Dispositif selon la revendication 11, dans lequel la-
a agir dans le plan de balayage, ce plan de ba- dite au moins une unité laser comprend au moins
layage intersectant le plan de la surface dé por- un émetteur laser modulé.

20
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14.

15.

16.

17.

18.

39

Dispositif selon la revendication 11 ou 12, compre-
nant au moins deux émetteurs laser.

Dispositif selon I'une quelconque des revendica-
tions 11 a 13, dans lequel ladite au moins une unité
laser forme une partie a la fois des moyens de lec-
ture et des moyens pour détection du contour et/ou
du volume.

Dispositif selon I'une quelconque des revendica-
tions 11 a 14, dans lequel les moyens pour détection
du contour et/ou du volume _comprennent des
moyens pour mesurer les volumes de I'objet.

Dispositif selon la revendication 15, comprenant :

au moins une unité laser comportant un émet-
teur laser et des moyens pour la commander et
I'ajuster ;

au moins une unité de traitement de signal ana-
logique recevant des signaux depuis l'unité
laser ;

un convertisseur A/N recevant depuis 'unité de
traitement analogique des signaux relatifs a la
distance des points tracés par le laser ;

une unité de décodage recevant, depuis l'unité
de traitement analogique, des signaux relatifs
au code optique ;

unité de traitement/stockage recevant des si-
gnaux depuis le convertisseur A/N et 'unité de
décodage.

Dispositif selon la revendication 16 dans lequel :

les moyens de lecture du code optique et les
moyens de mesure du volume se partagent
'unité laser, l'unité de traitement, et ['unité de
traitement/stockage ;

les moyens de lecture du code optique com-
prennent en outre |'unité de décodage ;

les moyens de mesure du volume comprennent
en outre le convertisseur A/N.

Dispositif selon la revendication 16, dans lequel :

les moyens de lecture du code optique et les
moyens de mesure du volume se partagent
I'unité de traitement/stockage ;

les moyens de lecture du code optique com-
prennent en outre une premiére unité laser, une
premiere unité de traitement, et l'unité de
décodage ;

les moyens de mesure du volume comprennent
en outre une seconde unité laser, une seconde
unité de traitement, et le convertisseur A/N.

19. Dispositif selon la revendication 18, dans lequel :
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22,
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25.

26.

40

I'unité de traitement/stockage, la premiere uni-
té laser, la premiére unité de traitement, I'unité
de décodage et le convertisseur A/N sontincor-
porés dans une unité de balayage/traitement ;
la seconde unité laser et la seconde unité de
traitement sont incorporées dans une unité de
balayage.

Dispositif selon la revendication 18, dans lequel :

I'unité de traitement/stockage, la seconde unité
laser, la seconde unité de traitement, I'unité de
décodage, et le convertisseur A/N sont incor-
porés dans une unité de balayage/traitement ;
la premiére unité laser et la premiére unité de
traitement sont incorporées dans une unité de
balayage.

Dispositif selon la revendication 18, dans lequel :

I'unité de traitement/stockage, I'unité de déco-
dage, et le convertisseur A/N sont incorporés
dans une unité de traitement;

la premiére unité laser et la premiére unité de
traitement sont incorporées dans une premiere
unité de balayage ;

la seconde unité laser et la seconde unité de
traitement sont incorporées dans une seconde
unité de balayage.

Dispositif selon I'une quelconque des revendica-
tions précédentes, dans lequel les moyens pour dé-
tection du contour et/ou du volume comprennent en
outre un lecteur CCD.

Dispositif selon I'une quelconque des revendica-
tions 11 a 13, dans lequel les moyens de lecture
comprennent un lecteur CCD.

Dispositif selon la revendication 23, comprenant en
outre les moyens pour illuminer I'objet pour permet-
tre au lecteur CCD de lire le code optique.

Dispositif selon I'une quelconque des revendica-
tions 11 a 17 ou 23-24, dans lequel les moyens de
lecture du code optique et les moyens pour détec-
tion du contour et/ou du volume sont incorporés
dans une unité commune de balayage/traitement.

Dispositif selon la revendication 25, lorsque dépen-
dante de la revendication 17, dans lequel l'unité la-
ser comprend deux émetteurs laser et un unique
réflecteur, déplaceur-miroir, le déflecteur ayant
deux ensembles discrets de surface miroir se trou-
vant a un angle I'un de l'autre, pour les deux émet-
teurs laser.
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