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(54) Optoelectronic measurement
of package volume

{(57) To measure the volume of an
arbitrarily shaped three-dimensional
object, the object is passed through
a scanning plane on conveying
means 11, 12 and the respective
dimensions of the object in two
perpendicular measurement
directions in the scanning plane are
measured at intervals during the
passage of the object through the
scanning plane by two electro-optical
systems 8, 9 and 7, 10. Means are
provided for calculating the cubical
volume of the object by determining
the area of a rectangle of minimum
area that fits around the profile in
one measurement plane and
multiplying the area of the minimum
rectangle by the maximum dimension
of the object perpendicular to the
one measurement plane obtained
from the profile in the other
measurement plane.
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SPECIFICATION

Optoelectronic measurement of package
volume

This invention relates to a method and appa-
ratus for the measurement of volume by an
optoelectronic scanning technique.

In the field of freight and cargo handling it
is customary for items to be charged on a
dual basis, depending on their density. For
packages above an arbitrarily established stan-
dard density, charges will be based on weight
alone, at a specific rate per Kg. Packages be-
low this density will be charged on their vol-
ume, assuming they are of the standard den-
sity. Packages below the standard density are
regarded as having a ‘volumetric equivalent
weight’ defined as the product of actual vol-
ume and the standard defined density. For
example, if the standard density was 100
kg/m? and the package volume was 3m3 it
would be regarded as weighing 300 kg and
charged accordingly although the true weight
might be only 50 kg. Thus a very bulky pack-
age which weighs little will be charged at a
realistic rate, commensurate with the amount
of space it occupies in the transporting
vehicle. For the purposes of charging, a no-
tional volume is used known as ‘cubical vol-
ume’, defined as the product of the greatest
length, greatest width and greatest height.
This is the equivalent of fitting the smallest
rectangular box around the package.

A further aspect of the volume measure-
ment requirement relates to the problems of
efficiently packing the freight in the transport-
ing vehicle. It is common practice for miscella-
neous packages to be assembled together in a
large container scheduled for a specific desti-
nation. Such containers are constrained by an
all-up weight limit, but if the carrier does not
know the volume of the goods he is schedul-
ing for transport it is easy to underfill with
consequent loss of revenue, or attempt to
overfill, in which case some freight must be
re-routed or delayed in transit. For the pur-
poses of freight packing, the carrier needs to
know both the cubical volume and the actual
volume of the packages he is dealing with. In
the case of rectangular packages these values
are the same. For non-rectangular packages
the ratio of volumes provides a measure of
the difficulty of packing.

To be able to operate a cargo handling sys-
tem efficiently requires that the carrier has
available to him a fast and accurate method of
estimating volume, applicable over a wide
range of package shapes and sizes.

In principle it is possible to estimate the
volume of any piece of freight by calculation
from manually measured linear dimensions.
This procedure is orders of magnitude too
slow to be of any use in a real cargo handling
situation, with the result that such volume es-
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timates are not normally undertaken.

It is the purpose of the present invention to
provide an automated means of volume mea-
surement, using opto-electronic scanning tech-
niques, which is capable of operating at a high
throughput rate, and of yielding both actual
and cubical volume.

The principle upon which the invention is
based is as follows: The volume of a solid
object may be measured to a good approxi-
mation by cutting it up into a large number of
thin parallel slices, multiplying the area of each
slice by its thickness and summing over all
the slices. If the object happens to be a rec-
tangular solid this process is particularly easy
since the area of each slice is simply the pro-
duct of width and height. The above proce-
dure lends itself to automation if the width
and height of each slice is measured and re-
corded optoelectronically.

The present invention provides the means
for forming optical images of the two cross-
sectional dimensions referred to in the previ-
ous paragraph, together with photoelectric
means for measuring these dimensions. it also
provides means for moving the object being
measured past the optical imaging system so
that all cross-sectional dimensions of the ob-
ject may be measured. Finally it provides elec-
tronic computing means for performing the
calculations necessary to obtain the volume
from the totality of measured dimensions.

The above mentioned slicing technique pro-
vides the actual volume of the package, which
is a close approximation if the package is rec-
tangular, and of lesser accuracy if the package
is significantly non-rectangular. The profile in-
formation acquired can also be manipulated in
the computer to extract the maximum overall
dimensions, from which cubical volume may
be calculated.

By way of example only, the operation of
the invention will be described with reference
to the accompanying Fig. 1. Fig. 1 shows a
rectangular package situated in the fields of
view of two identical optical systems which
are disposed perpendicular to one another.
The layout of these optical systems follows
the well-known principles of gauge projection
using parallel light which have been used in
toolroom projectors for many: years. Each op-
tical system comprises a source of light 1,
situated at the focus of a collimating lens 2.
The subsequently parallel beam of light passes
across the package and falls upon a decolli-
mating lens 3. The light beam is then refo-
cused in the region of a lens 4, and passes
through to fall upon a photoelectric receiver 5.
The combination of lenses 3 and 4 serves to
form an image of the package cross-section in
the plane of the photoelectric receiver, at a
known magnification. The photoelectric re-
ceiver 5 is preferably a solid-state linear array
of photodetectors in the form of a self-
scanned photodiode array or a CCD array, but
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it may also be an electron tube such as a
vidicon. The function of the receiver is to con-
vert the image of the package cross-section
into an analogue electrical signal from which
may be obtained a linear dimension. In the
preferred embodiment this dimension is ob-
tained by electronically counting un-illuminated
sensor elements according to known methods
and applying a scaling factor derived from the
known optical magnification.

The configuration of each lens system is
that which is known as telecentric, wherein
only narrow angle cones of rays parallel to the
optical axis are permitted to pass from the
object through the receiving optical assembly
to form the final image. As is well known,
this configuration confers a constancy of scale
upon the final image such that the dimension
measured by the photosensor array will be the
same, irrespective of where the object lies be-
tween the collimating and decollimating lenses.

The two optical systems as shown in Fig. 1
are coplanar and serve to measure the two
cross-sectional dimensions of the package at
a specific point along its length. Means are
provided (not shown) for translating the pack-
age past the measuring plane, in the direction
of the arrow, so that all cross-sectional di-
mensions of the package may be obtained in
sequence. The photosensor arrays are ar-
ranged to scan continuously at high speed,
but only output their data on command after
fixed increments of translational movement of
the package. These fixed increments corre-
spond to the slice thicknesses referred to pre-
viously, and when used in conjunction with
the two measured cross-sections, enable the
volume of the slice to be computed. The vol-
ume of the entire package is obtained as the
sum of all the elementary slice volumes after
the package has passed completely through
the field of view of the optical system. It is
not necessary for the package to pass
squarely through the measuring plane since
the slicing technique will operate accurately on
a rectangular package skewed about either a
vertical or a horizontal axis (but not both to-
gether).

The computation of volume is performed in
an electronic processing unit which serves to
drive the photosensor arrays, process and
store the information from the arrays, monitor
the movement of the package through the
system and calculate and display the package
volume from the incoming data.

The electrical signal obtained from each
camera, hereafter referred to as the video sig-
nal, is passed to the processing unit where it
is compared with a predetermined threshold
level. By this means the analogue video is
converted to binary video wherein unillumi-
nated sensor elements below the threshold
level are classed as ‘dark’ and illuminated sen-
sor elements above the threshold level are
classed as ‘light’. This process defines one or
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more edge transitions which are points along
the array of photosensors at which the video
signal changes from light to dark, said transi-
tions being regarded as defining the geometric
boundaries of any opaque object in the field
of view of the optical system. The position of
any edge transition is determined by counting
clock pulses from the start of array scan to
the point where the transition occurs. Thus it
is possible to obtain a numerical value for the
proportion of the photosensor array which is
obscured during any scan, expressed as a dis-
crete number of photosensors. By applying
the known optical magnification factor to this
number, a real dimension is obtained, appli-
cable in the object field.

Since the analogue image of an edge pro-
duced by the system is not completely sharp,
and this sharpness decreases in the out of
focus condition, it is evident that the apparent
position of an edge or separation between
two edges will be a function of video signal
level. To counteract this situation the thresh-
old setting is provided with an automatic level
control (ALC) such that it can be adjusted to a
predetermined percentage of the maximum illu-
mination falling on the array and will track
with this maximum if it varies from scan to
scan.

As the package is mechanically transported
through the fields of view of the optical sys-
tems shown in Fig. 1 the positions of the
edge transitions are recorded as described
above, at regular increments of travel. At each
increment the package cross-sectional dimen-
sions are obtained from the edge transition
values and the volume of the elementary slice
derived as the product of the vertical and hori-
zontal dimensions, and the slice thickness.
The slice thickness is obtained from a position
pick-off on the mechanical transport. The slice
volume is added to the sum of slice volumes
previously computed so that by the time the
package has passed out of the field of view
the total package ‘actual’ volume has been
calculated.

At this point in time, two complete package
profiles are stored in the memory of the elec-
tronic processing unit. The cubical volume is
calculated as follows. The package height is
obtained from the side viewing camera, and is
simply the highest point recorded during the
package traverse through the system, relative
to the datum plane defined by the mechanical
transport. The length and width are calculated
from the profile, or plan view, obtained by the
overhead camera. This profile is manipulated
by the system computer, using an algorithm
which fits a rectangle to touch the profile on
all four sides and then calculates the area of
the rectangle. To allow for any random orien-
tation of the package on the transport system,
the process of rectangle fitting is iterative, a
small rotation of the profile taking place be-
tween each iteration, until a full 90° has been
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covered. The minimum rectangular area result-
ing from this procedure is taken as the best
fit and multiplied by the package height to
give the cubical volume. To shorten the com-
putation time involved in this iterative process,
the number of points defining the profile is
reduced to a relatively small number by an
algorithm which removes points lying on any
concave sections of the profile. The ends of
each concave section are then joined up by
notional straight lines. In this way a profile
defined by several thousand points can be
represented by a polygon of typically ten to
twenty points.

The procedures described in the above two
paragraphs are shown in block diagram form
in Fig. 5.

The configuration shown in Fig. 1 is limited
in the size of package it can accept by the
physical size of lenses that it is possible to
manufacture. Lenses 2 and 3 may be made of
glass or, preferably, moulded plastic in the
form of Fresnel lenses which allow diameters
up to 250 mm or greater.

An embodiment of the invention will now
be described which can deal with much larger
packages. The description refers to the ac-
companying Figs. 2 and 3.

The limitation of the field of view imposed
by a single optical system can be overcome
by stacking a plurality of systems side by
side, each with its own individual scanned ar-
ray and light source. Fig. 2 shows schemati-
cally such an arrangement using a stack of
four identical optical modules for each cross-
sectional view capable of accepting packages
up to 1.1 metre square. In each system lens
4 and array 5 are combined together in a
linescan camera 6. Alternate modules are dis-
placed, or staggered, perpendicular to the
plane of Fig. 2 to allow individual camera
fields of view to overlap slightly. The corre-
spondingly displaced image data obtained
when a package passes through the measur-
ing plane is corrected for in the subsequent
image processing.

Fig. 3 illustrates in outline an engineered
embodiment of the multiple camera scanning
system of Fig. 2. The light sources and colli-
mating lenses are contained in illuminator
housings 7 and 8, and the cameras and de-
collimating lenses in camera housings 9 and
10. These four housings are rigidly fastened
together on a framework through which runs a
conveyor system 11 and 12, which is split to
allow the vertically scanning beams to pass
between the illuminator housing 7 and camera
housing 10. Packages are transported along
the conveyor and scanned vertically and hori-
zontally as they cross this gap. Longitudinal
position information is derived from an enco-
der driven by the conveyor. The two halves of
the conveyor system, 11 and 12 are mechani-
cally coupled together so that they both run at
the same speed.
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Fig. 4 shows, in block diagram form, the
components of a total volume measuring
equipment incorporating the scanner of Fig. 3
and also an in-line electronic weighing platform
feeding package weights to the system com-
puter. This facility allows the machine to dis-
tinguish which packages should be charged
according to weight and which should be
charged according to volume, and also to cal-
culate volumetric equivalent weight.

CLAIMS

1. A method of measuring the volume of
an arbitarily shaped three-dimensional object,
comprising passing the object through a
scanning plane, measuring the respective di-
mensions of the object in two non-parallel
measurement directions in the scanning plane
at intervals during the passage of the object
through the scanning plane to provide respec-
tive profiles of the object in respective mea-
surement planes and calculating the cubical
volume of the object by determining the area
of a rectangle of minimum area that fits
around the profile in one measurement plane
and multiplying the area of the minimum rec-
tangle by the maximum dimension of the ob-
ject prependicular to the one measurement
plane obtained from the profile in the other
measurement plane.

2. A method according to Claim 1, com-
prising calculating the actual volume of the ob-
ject by using pairs of corresponding measured
dimensions to determine the volume of a cor-
responding elementary slice of the object par-
allel to the scanning plane and summing the
volumes of the elementary slices to obtain the
total actual volume.

3. A method according to claim 1 or 2,
wherein the object is passed through the
scanning plane at a uniform speed.

4. A method according to any one of
claims 1 to 3, in which the two measurement
directions are perpendicular.

5. Apparatus for measuring the volume of
an arbitarily shaped three-dimensional object,
comprising means for passing the object
through a scanning plane, means for measur-
ing the respective dimensions of the object in
two non-parallel measurement directions in the
scanning plane at intervals during the passage
of the object through the scanning plane to
provide respective profiles of the object in re-
spective measurement planes, and means for
calculating the cubical volume of the object by
determining the area of a rectangle of mini-
mum area that fits around the profile in one
measurement plane and multiplying the area of
the minimum rectangle by the maximum di-
mension of the object perpendicular to the
one measurement plane obtained from the
profile in the other measurement plane.

6. Apparatus according to Claim 5, com-
prising means for calculating the actual volume
of the object by using pairs of correspondiing
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measured dimensions to determine the volume
of a corresponding elementary slice of the ob-
ject parallel to the scanning plane and summ-
ing the volume of the elementary slices to
obtain the total actual volume.

7. Apparatus according to claim 5 or 6,
wherein the measuring means includes two
optical systems each comprising a light source
and a lens producing a parallel beam of light
which passes across the path of the object to
be measured, followed by a collecting lens
and an imaging lens which forms an image of
the object at a constant scale on an electroni-
cally scanned image detector.

8. Apparatus according to Claim 7,
wherein the measuring means includes an
electronic processing means which accepts
the outputs of teh image detectors and, by
applying an appropriate threshold level to the
detector signals, generates information on the
positions of edges within the fields of view,
from which the instantaneous dimensions of
the object in the measuring directions may be
derived.

9. Apparatus according to Claim 8,
wherein the calculating means comprises elec-
tronic storage means for storing the measured
instantaneous dimensions during the passage
of the object through the scanning plane until
the respective complete profiles have been re-
corded, and electronic computing means for
calculating the volume of the object from the
stored profiles.

10. Apparatus according to any one of
claims 7 to 9, wherein a plurality of the said
optical systems are provided for each mea-
surement direction so that larger objects may
be measured than can be encompassed by a
single optical system.

11. Apparatus according to any one of
claims 7 to 10, wherein the electronically
scanned image detectors are self-scanning
solid state linear arrays of photosensors.

12. Apparatus according to any one of
claims 7 to 10, wherein the electronically
scanned image sensors are television camera
tubes.

13. Apparatus according to any preceding
claim, wherein the passage of the object
through the scanning field is achieved by a
conveyor system, from which is derived an
encoder signal to monitor the movement of
the object between scans and hence provide a
measure of the slice thickness for volume cal-
culation.

14. Apparatus according to Claim 13,
wherein the conveyor system incorporates an
electronic weighing platform, so that both
weight and volume of objects are available to
the computing system, in order that object
density and volumetric equivalent weight may
be calculated.

16. A method of measuring the volume of
an arbitarily shaped three-dimensional object,
substantially as hereinbefore described with

70

reference to the accompanying drawings.

16. Apparatus for measuring the volume of
an arbitarily shaped three-dimensional object,
substantially as hereinbefore described with
reference to the accompanying drawings.

17. Any novel feature or combination of
features described herein.
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