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BSTRACT OF THE DISCLOSURE

e e e ——

A billing system for determining package transportation charges. The
billing system includes a reader to read a package identifier associated with
said package and the reader generates a package identifier signal and
transmits the same to a microprocessor. The billing system also includes a
package sizer having a plurality of non-contact optical sensors located along
each of an X, y and z axis, where each optical sensor is in a known position.
The sensors are oriented relative to the conveyor so that packages passing
over the sensors are detected by the sensors and produce a signal
correlated to said package size. Also provided is a microprocessor to
receive and correlate said package size and identifier signals, and to
determine an appropriate shipping charge based upon the same. A weigh
scale may also be incorporated into the system. A method of determining
a transportation charge is also comprehended, which includes a self-

diagnostic initialization procedure.
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Title: A BILLING SYSTEM AND METHOD FOR DETERMINING
TRANSPORTATION CHARGES FOR PACKAGES

FIELD OF THE INVENTION
This invention relates generaliy to the transportation of packages for

a fee. More particularly, this invention relates to devices and methods used
to determine an appropriate fee for transporting a package based on the

size, weight or other parameters of the package.

BACKGROUND OF THE INVENTION

Many courier companies offer to pick up and deliver packages on

behalf of their customers. In exchange for delivering the packages to the
customer’s specified destination, the courier company charges a fee.
Typically the fee is based upon one or more of the size of the package, the
weight of the package, the destination of the package and the urgency of the
packages’ delivery. Larger courier companies typically have a central
sorting station. At the central sorting station packages picked up from
customers are processed for delivery to the customer's specified destination.

A problem exists in determining the appropriate charge for the
customer to delivery the package. In some cases, the volume of the
package is the limiting constraint, especially for goods shipped by overnight
air carrier. In other circumstances, the packages’ weight can be the limiting
factor again for example, when being shipped by air carrier. What is needed
Is a way of measuring a package to evaluate the appropriate shipping
charge for the customer. |

In the past several attempts have been made to develop such
measuring devices. For example, U.S. Patents No. 5,469,262 and
6,201,604 provide non-destructive remote volume measuring of packages
using light beams. However, the sensing mechanisms involved are complex
and expensive. This renders such devices beyond the reach of all but large

courier companies.
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U.S. Patent No. 2,708,368 presents a iess expensive alterhative,
which involves a person who places the package on an electronic measuring
grid. The worker pushes the package against the grid, where it contacts trip
switches. The swiitches are located on an x, y and z axes and a size
measurement is obtained by measuring, in effect, how many switches are
tripped, by direct contact between the package and the switches along each
axis. However, such direct contact measuring is unreliable since most
packages to be shipped are made from flexible packaging material, such as
cardboard. Such flexible packaging material can soften or deform under
impact and any number of switches along a packages length may not be
tripped yielding a false (low) reading. Further, physical contact trip switches
involve moving parts which can wear out over time, which can get gummed
up and stick in an on or off position by dirt, debris or the like, and which are

otherwise expensive to maintain and operate. Further, the need for a

'person to orient the package on the grid for measurement is expensive.

Lastly, there is no way to detect whether the volume measured is at all
accurate.

What is needed is a simple and reiiable system for measuring the
volume of a package, commonly known as “cubing” a package, and for

weighing a package to determine an appropriate shipping charge.

SUMMARY OF THE INVENTION

The present invention provides a billing system for determining the
transportation charges for packages. Most preferably the present invention
provides an optical sensor based non-contact reading system for
dimensioning or cubing the package. According to the present invention the

outer dimensions of the package can be measured, without requiring

physical contact or tripping of multiple switches on multiple sensing axes.

Further, the presentinventionis simple, inexpensive and in one embodiment
may be used on a continuous motorized conveyor without the need for an
attendant. The present invention also provides a way to confirm the

measured or detected volume makes sense. Another aspect of the
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present invention is to provide a reader for the purpose of reading a unique
package identifier associated with each package. Inthis way, the measured
size of the paCkage can be correlated to a package identifier in a database
for billing purposes.

The present invention further comprehends a microprocessor which
receives the sensor values, determines a cubing size, receives the package
identifier information and correlates this with the size information and
determines an appropriate billing rate based on input destination and
urgency.

In a further embodiment, an associated weigh scale is provided for
In-line measurement of packaging weight which information is also provided
electronically to the microprocessor so it can then also be correlated to the
unique identifier and the package volume in the microprocessor database.
The present invention further comprehends a screen to dispiay the
measured size and/or weight to permit the operator, if any, to review the
data for obvious input errors.

Most preferably, the volume sensing (or “cubing”) means of the
present invention consists of non-contact optical sensors, for example,
phototransistors which have a change in electrical signal output according
with the amount of light impinging on the sensor. By mounting the sensor
behind a transparent cover below or behind the package path along the
conveyor, the present invention provides a dimension measuring device
which is simple and inexpensive to fabricate and easy and reliable to use.

Therefore, according to one aspect of the present invention there is
provided a billing system for determining transportation charges for
packages movable along a conveyor, said billing system comprising:

a reader to read a package identifier associated with said package,
sald reader generating a package identification signal and transmitting the
signal to a microprocessor:;

a package sizer having a plurality of spaced non-contact optical
sensors being positioned on at last an y and a z axis for measuring a height

and a width of a package, and a means for measuring a length of said
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package, each optical sensor being located at a known position and oriented
relative to said conveyor so that packages passing past said sizer are
detected by said optical sensors, said sizer determining a size of said
package; and |

a microprocessor {o receive and correlate said package identification
signal and said package size for billing purposes, said microprocessor
including pre-input data on billing charges, whereby said measured package
size can be compared to said pre-input data to determine a transportation '
charge for said package.

According to another aspect of the invention, there is provided a
method of determining transportation charges for packages by using a billing
system having non-contact optical sensors, said method comprising the
steps of:

identifying a package by means of a reader;

passing the package past sensors located in a y and z axis and
measuring a length of said package on an x axis;

determining a volume of said package from said sensor readings and
said length of said package;

measuring a weight of the package;

correlating the package identifier with said measured weight and
volume of said package in a database;

displaying the measured weight and volume; and

determining a charge for said package based upon said measured

weight and volume upon acceptance of the displayed package parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference will now be made to drawings, which illustrate, by way of
example only, preferred embodiments of the presentinvention and in which:

Figure 1is a side view of a system according to the present invention:

Figure 2 is a top view of the system of Figure 1;

Figure 3 is a front view of the system of Figure 1 an optical sensor

according to the present invention:
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Figure 4 is an end view of the system of Figure 1 shows a panel
display according to the present invention;

Figure 5 is a detailed view of an optical sensor according to the
present invention;

Figure 6 shows an algorithm for the microprocessor to receive ana
correlate measured parameters for biliing purposes;

Figure 7 shows a further embodiment of the present invention;

Figure 8 shows the embodiment of Figure 7 from above;

Figure 9 shows a further embodiment of an automatic cubing system;

Figure 10 shows the automatic cubing system of claim 9 in side view
with a package being measured; '

Figure 11 shows the package height measurement elements in

schematic form; and

Figure 12 shows the basis for measuring the area of the package.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 shows a billing system 10 according tc the present invention

for determining transportation charges for packages 12 moving along a
conveyor 14. As shown, the system 10 is carried on a separate stand 15,
which allows the system 10 to function as a stand alone unit. However, the
present invention also comprehends building the system 10 into a conveyor
line without a separate stand 15.

The billing system 10 includes a reader 16 to read a package
identifier 18 on the package 12. it will be understood by those skilled in the
art that there are many forms of package identifier 18 and reader 16. For
example, the reader 16 may be an optical scanner, and may read a digital
bar code identifier on the package which, may for example, be a waybill
number. Alternatively, the package may be equipped with a RFID (Radio
Frequency Identification Device) tag which may be read by an appropriate
RFID tag reader. Other forms of identifiers and readers are comprehended
by the present invention, but the optical scanner and bar code tag provide

inexpensive and accurate results. Also, while a fixed scanner 16 is shown,
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a hand held scanner may also be used and is comprehended by the présent
invention. The output from the reader 16 is a package identification signal,
which is electronically communicated to a microprocessor 30.

The next element of the billing system is a package sizer 32 having
a plurality of spaced optical sensors 34. In a first embodiment of the present
invention, a number of sensors 34 are located along each of an x, y and z
axis as shown. Most preferably, the x, y and z axes are perpendicularly
oriented relative to the convevyor 14. In this way it is easy to calibrate the
signals to package size when the packages passing along the conveyor 14
are detected by the optical senscrs. However, the present invention
comprehends orienting the axes of optical sensors in any configuration
which still provides a reading of a package dimension. Thus, the axes could
be skewed, and calibrated, without departing from the scope of the present
invention. Inthis sense calibrated means the positions of individual sensors
are known, so that the distance between a fixed point and each sensor is
also known.

As can be seen from Figure 1, the optical sensors 34 are spaced
along the axes in the x, y, or z directions. The intersection point of the axes
is referred to as the origin 36. In this manner, each optical sensor is at .a
defined distance from the origin 36. Mbst preferably, according to the
present invention, the optical sensors are in the form of silicon
phototransistors such as the SDP Series made by Honeywell. Such
phototransistors can detect the change in the amount of light that impinges
upon the sensor and thus can sense when an object passes over the
sensor. When such a change is detected, an electrical signal is produced.
By knowing the position of the sensor producing the signal, the presence of
a package at such specific location can be sensed as explained in more
detail below.

The preferred optical sensors are non-contact sensors. Such sensors
are accurate and sensitive enough to respond to a change in light, caused
by an object passing over the sensor. Optionally the optical sensors 34 are

protected by a transparent cover 35. Alternatively, the optical sensors can



10

15

20

25

30

CA 02429248 2003-05-20

.7

be placed in a non-contact position, just behind a plane defining one side of
the package. For example, in the preferred embodiment, the system 10
includes rollers 37 as part of the conveyor 14. The rollers 37 are mounted
on bearings (not shown) in the usual manner to permit the packages to be
easily moved along the stand 15, first past the reader 16, then past the sizer
32. The packages move in the direction of arrow A in this example, but may
move in either direction without departing from the scope of the present
invention. The optical sensor can be located as shown between a pair of
adjacent rollers, but below the level of the top of the rollers. In this way, the
package will pass closely over the sensors, without needing to actually
contact the sensor tc generate a reading. .

The accuracy of the measurement of the sizer 32 will be a function
of detecting the outside edges of the package 12. If the sensors 34 are
spaced more closely together, a more precise measurement of the outer
dimensions of the package 12 can be obtained. Contrarily, if the spacing of
the sensors 34 is further apart, then the size of the package 12 is less
precisely measured. Placing the sensors 34 at 2 inch intervals has yielded
reasonable results, but the present invention comprehends other spacings
such as 72 cm or the like. Further, it may be desired not to measure small
packages at all, medium packages quite preCiseiy and large packages less
precisely. In some cases, packages below a certain size will not be billed
according to size as a minimum charge will apply. Thus, in one form of the
iInvention, no sensors 34 would be located adjacent to the origin, sensors
quite closely spaced would then follow, and lastly widely spaced senso'rs
would be located on the outermost part of the x, y and z axes.

It can also be desirable to measure the size of small packages, in
which case more closely spaced sensors may be used to reduce
measurement error. Thus, a preferred form of the present invention is to
have closely spaced sensors closest to the origin, such as 1 mm apart for
the first 10 cm, and then, further from the origin have more widely spaced
sensors, such as every 5 mm.  Unlike the prior art which determined a

package dimension by summing the outputs of all the tripped switches, the



10

15

20

25

30

CA 02429248 2003-05-20

-8-

present invention relies upon identifying each sensor 34 and its position.
Thus, rather than taking all of the signals, which compounds any errors in
reading, the present invention simply utilizes the outermost sensor which
generates an output corresponding to a change In the amount of light, as a
proxy for the outside edge of the package 12 to determine the package
size. In this way the location of the outside edges of any package can be
determined. Thus, the sensing errors, if any, are not cumulative {o every
sensor contacting the package as in the prior art. Further, fhe present
invention will use, as a reading, the last covered sensor 34 of a continuous
set of covered sensors 34. Thus, if for some reason one sensor 34 is
covered, the next one is uncovered, and then further away from the origin
a few more sensors 34 are covered and producing readings, the present
iInvention utilizes only the last one of the set of covered sensors 34 as the
measurement point. In this way, stray readings from non-package items
such as an operator’'s hand or any other matter which could cause a false
reading will not throw off the accurate measurement of the package.

As can now be appreciated, to accurately sense a size of a package
12 in ail three dimensions, x, y and z, requires that the package 12 pass
over three sets of calibrated (as to position) sensors 34. Thus itis preferred
to cause one corner of the package 12 to momentarily be located at the
origin 36, to lie against the x, y and z axes. Thus the package 12 can pass
an upright surface 39 in which the y axis is located while at the same time
passing over the x and z axes. In such a case, only the outermost width
sensor 34, the topmost height sensor 34 and the outermost length sensor
43 need be used. As the position of each sensor is known, taking a reading
from any given sensor will provide a package dimension measurement for
“cubing” purposes.

For the purpose of obtaining a reading, it is most appropriate to
temporarily stop the package 12 on the conveyor 14, and position the
package 12 against the measurement axes. Inthe embodiment of Figures
1 to 4, this is done manually by a worker who slides the package into

position against wall 39. A fixed stop edge can be provided exténding out
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from the back wall to ensure accurate alignment. In the embodiment of
Figures 7 and 8, the stop is automatically moved by mechanical means as
explained below. Once the package 12 is placed with one corner at the
origin 36 a measurement of all three dimensions can be taken. The
measurement takes the form of an electronic output signal which is sent to
and received by the microprocessor 30. Additionally, the present invention
comprehends passing the package over or past a sensing bar, and taking
the two outermost readings, rather than using an origin position.

Associated with the microprocessor 30 is a monitor or dispiay 40 as
shown in Figure 1. |t may be mounted on a mast 41, and include input
buttons 43, which are explained in more detail below. Alternatively it may
be mounted at any convenient location where it is easily visible to an
operator, such as in front of the scale. The purpose of the monitor 40 is to
provide a visual display of the readings made by the system 10. For
example, when the package 12 is manually positioned on the measurement
axes, the operator can simply observe the measured amount and thereby
ensure that the reading is a good reading. Then the operator can release
the package to let it continue along the conveyor for destination sorting or
the like. An advantage of the present invention which displays the
measured parameters is that the operator has an opportunity to check the
measurements by eyeballing the actual package 12 size. The estimated
value will be arrived at either through the operator’s experience, or, through
general knowledge. For example, if a one foot by one foot by one foot
package is displayed as being 9 cubic feet, the operator will clearly know
that a measurement error has occurred and can remove and remeasure the
package 12 before a bill is produced for the shipping custome‘r.'

Also associated with the conveyor 14 is an inline weigh scaie 50
which most preferably is built into the support structure for the sizer system
32. Thus, the present invention comprehends that the wéight of the
package 12 can be determined, either as the package 12 is moved to the
sizer 32, or even while the sizer 32 measurements are being taken. Weight

scales from Matrix Scale Service in Mississauga, Ontario have been found
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to yield reasonable results in providing an output signal which can be
converted into a weight reading. The weigh scale can weigh the individual
weight of packages 12, and in this fashion both the weight and the volume
of a package 12 can be measured and correlated to the package identifier
in the microprocessor.

Turning now to Figure 5, a side view of an optical sensor, such as a
phototransistor is provided. It includes a detection surface 52, and a pair of
electrical leads 54, 56. The phototransistor works in a known manner and
thus is not described in any more detail herein. Other types of non-contact
sensors are comprehended by the present invention, but the
phototransistors have provided reasonable results and are thus preferred.

Turming now to Figure 6, an exemplary flow chart for the
implementation of a billing system according to the present invention is
provided. The first step is a test procedure when the system is first turned
on, the microcontroller automatically performs a test to confirm that all of the
phototransistors are working, and to verify that the required amount of light
IS present for the sensors to operate. If a problem is present the display will
indicate an error, and that servicing is required. To assist, the display will
iIndicate what the problem is.

The system is then ready for packages, indicated by start 100. The
start step may be initiated, for example by the optical reader sensing a
package identifier. At the next step 102, the package is scanned. At this
point, the scanning takes the form of weighing the package by means of the
Inline weigh scale 50 incorporated into the support stand 15, and cubing the
package with sizer 32, namely, identifying the volume of the package by use
of the non-contact optical sensors placed at predetermined positions in the
three optical sensing or measurement axes as explained above. Once the
readings are made, the information is sent as an electronic signal to a
cubing processor control bdx, which converts the electronic signals into data
signals at step 104. Then, at step 106, the data is sent from the cubing
process control box to a display or monitor. Then, at step 108, the monitor

displays the dimensions, the weight, the waybill number and any other
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pertinent information for the package. At this point, the information can be
viewed by the operator, if any, and generally verified as to its apparent
accuracy. '

The next step at 112, is to send the verified data to the billing
computer (not shown) for the system. The billing computer is responsible
for correlating the electronic data to a scale of charges to determine the
appropriate waybill charge for the shipping customer. This can be done by
look-up table or the like, where pre-input billing charges are provided for
specific package sizes or ranges of sizés. Prior to actually producing a
waybill, the data is checked to determine whether or not it is good. For
example, the computer ensures that the waybill number has the appropriate
number of digits, and that the weight and volume that were measured fall
within acceptable parameters. Ifthe information is not acceptable, then, the
program at step 114 questions whether or not the data has been sent three
times. At 116, if the data has already been sent three times and is still not
acceptable, then an error message is sent to the display, in which case the
package is removed and reinserted into the conveyor belt for remeasuring.
If the data has not been sent a predetermined number of times, then at step
118, the data is resent to the microcomputer.

At.step 112, if the data is good, then an acknowledgement of received
data is sent to the display 'at 120 so that the operator knows the information
has been recorded into the computer database. Once the data has been
confirmed as being displayed, then the program ends at 124 and is ready to
receive the next package for weighing. If for some reason the data is not
displayed at 122, then the program reverts to an error reset and the package
must be remeasured back at step 102.

The next stage is to determine the billing charges for the package.
There are many different ways for determining the billing charges, and
various multipliers can be used for distance, urgency, and weight and/or
volume. Having the relevant billing information pre-input into a
microprocessor in electronic form means that the microprocessor can

generate a bill appropriate to the package volume, weight, destination and
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urgency.

Turning now to Figure 7, an automated version of the present
invention is shown. The same numbers are used for the same components
as appear in the first embodiment. In this version no operator is required,
and the conveyor automatically moves the packages along by means of
powered rollers or the like. As shown, stop arm 80 is provided which is
mounted above the conveyor. The stop arm 80 is preferably actuable
between a stop position and a release position in direction of arrow 84. In
the stop position, the stop arm 80 causes the package to be restrained
against the measurement axis at the origin 36. Upon receiving a valid
signal, the microprocessor can then provide an output signal to the stop arm
30 to release the stop arm 80 and let the package continue on its way by
pivoting up in direction of arrow 84. In this manner, hands free package
measuring can be accomplished.

In many cases it will be necessary to also ensure that the package is
placed against the far side of the sizer, to ensure good measurements on
the x axis and the y axis of the sizer. Thus, a positioning arm 90 is provided,
which pivots about 92. A predetermined torque is used to ensure that

packages are pushed laterally against the x and y measurement axes, but

~ the positioning arm 90 wili also pivot to let larger packages through. The

precise electro-mechanical control of the pivoting arm 90 can vary, as will be
understood by those skilled in the art. What this embodiment of the present
Invention comprehends, is an automatic means to position the package
momentarily on the sensing grid to permit the appropriate measurements to
be made. |

Figure 9 shows a further embodiment of the present invention. In this
embodiment the need for position arm 90 and stop arm 80 is eliminated,
providing for continuous automatic in-line cubing of packages. The sizing
system 200 is shown in end view. The sizing system 200 includes a
conveyor table 202 with legs 204. A measuring plane 206 is defined by a
width measuring bar 208 integrated and extending across the table 202 as

well as a pair of upright measurement arms 210 and 212. Completing the
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measurement plane 213 is a top rail 214, from which is preferably supported
a light source 216 directed downwardly towards the width measuring bar
208. '

The table 202 includes a top surface 218 which is in the form of a
conveyor. In the preferred embodiment this is in the form of a plurality of
rollers 220. Most preterably the rollers are motorized or driven so that any
object placed on the rollers is moved from one end of the table to the other
end, and in the process passes through the measuring plane defined by the
measuring bar 208 and the upright measuring arms 210 and 212. As in the
previous embodiment, the measuring bar 208 is prefefably just belowthetop
of the rollers 220 in a close but non-contact position.

According to a preferred form of the present invention, the conveyor
table 202 preferably includes an associated drive mechanism for powering
the rollers, indicated generally at 222. The drive mechanism 222 includes
an electrical junction box 224 into which a power cable 226 is securéd.
Next, wires 227 are connected to a power controller 228 which acts to
control power fluctuations that might be present in the incoming power.
From the power controller 228 there are wires 229 connected to an electric
motor 230. The motor 230 includes an output shaft 232 which is connected
{0 a gear box 233. The gear box provides the desired appropriate gear
reduction to obtain the speed to drive pulley 234. A toothed drive belt 236
extend between the pulley 234 and one of the rollers 220. The other rollers
are preferably mechanically connected, for example through toothed drive
pelts, and thus are operatively driven by the motor 230.

It can now be understood that the drive mechanism of the present
iInvention is configured to provide a consistent and known drive speed to the
drive rollers, without too much variation. It wili be understood that the use

of a power conditioner is one way to achieve this result, but that there are

\many other electro-mechanical devices to achieve the same results. What

IS important to the present invention is to include in the drive mechanism a
reasonably steady drive speed for the rollers, so that the rollers are rotating

with a regular and predictable speed, because the more true and accurate
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the roller speed, the more accurate the measurement by the device as wiil
be understood in more detail below.

While itis possible to set the drive mechanism to a predetermined set
speed, it is also preferred according to the present invention to provide a
way of monitoring the speed at any instant. To this end a speed sensor 240
IS provided which takes a real time measurement of the speed of the motor
for the purpose of the measurement “cubing” calculation. The use of a real
time speed sensor 240 improves the accuracy of the present invention and
thus is most preferred. However, in some instances it may be possible to
set the motor speed so accurately that a speed sensor 240 is not required.
However, this is less preferred. The speed sensor-240 may be located at
any point in the power train, but it has been found convenient to place the
same on the motor 230 as shown. The speed sensor 240 provides an
output which electrically communicates with the microprocessor.

In Figure 10 the conveyor table of Figure 9 is shown measuring a
package 242. The package 242 is being driven by the rollers 220 in the
direction of arrow 246. Due to the combination of the power controller and
the sensor, the speed of the package will be known at every instant as the
package 242 passes through the measuring plane 213. The microprocessor
will have a sampling rate for getting information from each sensor, many
times per second. Thus, the instant that a reading changes can be timed
within the limit of the sampling rate. If the rate is, for example, 100 times per
second, the time measurements can be accurate to within 1/100 of a
second. The operation of the measuring plane 213 can now be understood.

The width bar 208 is the same as the z measurement axis of the
previous embodiments and most preferably includes photodetectors 250 at
predetermined spaced intervals. The photodetectors 250 detect changes
iIn ambient light, and are thus able to determine when a package 242 has
passed over the detector. The overhead light source 216 provides a more
reliable level of light than would otherwise be provided by ambient light from
the general building services. Thus, while not essential the overhead light

216 is preferred to ensure ease of calibration and greater sensing accuracy:.
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Thus, a package passing over the width bar 208 will block at least one and
likely more than one sensor. As the package 242 passes over the width bar
senors its presence will be detected and the width of the package 242
passing over the width bar 208 can then be detected. It will be understood
that the width bar 208 will measure at any instant in time the distance
between the last two unobstructed sensors and in this way, it will not matter
where along the width bar the package 242 passes. This means that the
package width can be measured without needing to piace the package up
against an orig'in.

As shown in Figure 11, the height measurement of the package is
determined by a series of photo emitters 250 located on one side 210 of the
conveyor table 202 which are directed to produce optical beams 253 which
impinge upon photodetectors 252 located on an opposite side 212. Thus for
each emitter there Is an associated detector. The emitters may be any form
of light source, but good results have been achieved with LED emitters.
Most preferable the light source will emit a narrow light beam which can be
directed onto the detector with little or no dispersion. A collimated light
beam is the most preferred form of emission.

To improve the accuracy of the detecting of the present embodiment
it is preferred to use input and output light guides 254, 256 as shown in
Figure 11. Essentially the light guides are narrow bores formed in an
opaque material, such as plastic. The bores 258 associated with the emitter
(the output light guide) causes most of the light to be directed along the axis
of the bore, and prevents it from dispersing off of the beam axis. The bores
260 associated with the photodetector (the input light guide) makes the
photodetector responsive to the light sources along the input axis only, so
changes in light levels off this axis will have little or no effect on the amount
of light reaching the photodetectors 252. As well, reflected light, not aligned
with the input bore axis, will not be able to reach to photodetector 252,
meaning that false readings are much l.ess likely.

It can now be appreciated how the height of the package can be
measured. Each photodetector 252 is only responsive to the associated



10

15

20

25

30

CA 02429248 2003-05-20

-16-

photo emitter 250 and is positioned at a predetermined spaced apart
position 264 which is known. Thus, each photodetector 252 is associated
with a specific height. Any object passing between the emitter 250 and the
detector 252 will cause a significant change in the light signal detected by
the photodetector 252, which can then be used to determine a package
height. The last occluded detector will reveal the {otal package height at any
give time of a package 242 passing through the measurement plane. This
IS illustrated in Figure 10 by beams 266 and 268 one of which passes and
one which is blocked by the package 242. In summary the measurement
plane detects both the width of a package 242 and the height of a package
242 as it passes through the measurement plane. While the height sensing
Is shown at the same position as the width sensing, it will be appreciated
that these elements could be placed at different positions as long as a
package height, length and width are determined.

As will be understood by those skilled in the art, knowing the height
and width of a package is not enough. The length of the package is also
required for cubing purposes. The present embodiment of the invention
make use of the known and/or measured speed of the rollers to determine
the speed of the package 242 as it passes through the measurement plane.
The speed measurement can be used to calculate the package length in a
numoper of ways. For example, if the package is positioned to be lined up
with the direction of travel and the package is a reqguiar shape, the time can
be measured between when the package first crosses the width bar to when
it is finished crossing the width bar. Knowing the speed of the package and
the elapsed time to cross the width bar provides enough information to
determine the length of the package, since length will be equal to speed
times the elapsed time. However, it will be understood that it will be unlikely,
in the absence of a person or device to align the package 242 to the
direction of travel, that the package will be aligned. Most often the packages
will be crossing the measurement plane somewhat askew. The present
iInvention can still reliably cube the package by conducting various

calculations based on the sensor readings as set out more fully below.
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Turning now to Figure 12, a diagram is shown of a package passing
over the width bar which is not aligned to the direction of travel. This is a
schematic view from above. When a package crosses the measurement
bar 208 on an angle relative to the direction of travel 246, the point that first
passes over the width bar is recorded and is indicated as “a” in the figure.
As the package 242 continues to pass over the width bar 208, the two
furthest points from “a” are recorded, together with the time taken to get to
these points. These points are shown as points “b”, “c” and the elapsed time
Is used to calculate respectively lengths A and B. Eventually the package
will clear the width bar at which time the last point of the package crossing
the width bar can be recorded (point “d”). Based on the time point “d” is
recorded, an overall diagonal length C can be calculated. This then permits
the lengths D and E to be calculated by subtracting A and B from C
respectively.

As will be appreciated, the package passing over the width bar will
permit the horizontal distance between “a” and “b”, and between “a” and “¢”
to be directly measured. This is shown as S1. As shown the passing of the
package across the width bar creates four right angle triangles 1, 2, 3 and
4. In each one, S1 will be a measured value and the other side (A, B, C
and D) will be a derived value. Since triangles 1, 2, 3 and 4 are right angle
triangles, a hypotenuse H can be calculated for each triangle. This means
that for each side of the package (length and width) two measurements are
derived since two values of H are found, which permits the two results to be
averaged to increase the accuracy of measurement.

It can now be appreciated that the length and width calculations can
be combined with the height calculation to cube the package to determine
the overall package shipping size. It will be appreciated by those skilled in
the art that for non-regular packages, the tallest height will be used, rather
than the average height. However, in determining packing space in, for
example, air cargo, this is an appropriate measure, since this is the way
cargo packing calculations are performed. In other words the present

iInvention measures the package size as accurately as required for the
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packing methods used in modern packing techniques. As such the present
embodiment of the invention provides a mechanically simple yet effective
way to calculate the package size for billing and shipping purposes. It will
pe understood that this embodiment of the invention will include the other
aspects of the invention previously taught, such as the associated ID reader,
microprocessor weigh scale and billing system algorithm.

The present embodiment can incorporate the weigh scale as part of
the weigh table and use an averaging method or other statistical methods
to remove inaccuracies that might arise from the fact that the packages are
moving. However, the use of a downstream or upstream weigh station is
also comprehended. In some cases it may be preferred to use two weigh
scales in parallel to ensure that only one package is being weighed at a time
and to permit the packages to be stopped momentarily during weighing.
The present invention also comprehends that the weight of the packages
could be determined at some other part of the sorting process, and the
weight information is simply electronically communicated to the
microprocessor and then associated with the package ID in the billing
records.

It will be understood by those skilled in the art that while reference
has been made to preferred embodiments of the present invention, the form
of the present invention can vary without departing from the scope of the
claims which are attached. Some of these variations have been discussed
above and others will be apparent to those skilled in the art. For example,
various forms of reader can be used to associate the unique package

identifier with the package being measured.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
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A billing system for determining transportation charges for
packages movable along a conveyof, said billing system comprising:

a reader to read a package identifier associated with said
package, said reader generating a package identification signal and
transmitting the signal to a microprocessor;

a package sizer having a plurality of spaced non-contact
optical sensors being positioned on at last an y and a z axis for
measuring a height and a width of a package, and a means for
measuring a length of said package, each optical sensor being
located at a known position and oriented relative to said conveyor so
that packages passing past said sizer are detected by said optical
sensors, said sizer determining a size of said package; and

a microprocessor to receive and correlate said package
identification signal and said package size for billing purposes, said
microprocessor including pre-input data on billing charges, whereby
said measured package size can be compared to said pre-input data

to determine a transportation charge for said package.

A billing system as claimed in claim 1 wherein said means for
measuring a length of said package further includes a plurality of
optical sensors positioned along an x axis for measuring a length of

said package.

A billing system as claimed in claim 1 or 2 further including a
weigh scale associated with said sizer, said weigh scale sensing a
weight of each of said packages on said sizer and producing a weight
signal, wherein said microprocessor receives said weight signal and
correlates the same with said package identification signal and said

package size signal for billing purposes.
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A billing system as claimed in claim 2 further including a stop
to position said packages relative to said optical sensors for accurate

size measurement.

A billing system as claimed in claim 4 wherein said stop is
moveable between a package volume sensing position and a

package passing position.

A billing system as claimed in claim 2 wherein said
microprocessor includes a display to display one or more package

parameters.

A Dbilling system as claimed in claim 6 wherein said
microprocessor includes a display to display at least a measured

package volume and a measured package weight.

A billing system as claimed in claim 1 wherein said optical
sensors further comprise a plurality of light detecting phototransistors,

which detect whether an object is passsing thereover.

A Dbilling system as claimed in claim 8 wherein said light
detecting di_odes are located behind a transparent shield whereby the

packages being sized are remotely measured.

A billing system as claimed in claim 1 or 2 wherein a
dimension of a package is measured by determining the distance
between the two most spaced apart diodes which detect the

presence of said package.

A billing system as claimed in claim 1 wherein said means for

measuring a length of said package further inciudes a means to
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measure a speed of said package and a length of time said package
takes to pass over said optical sensors, and said microprocessor
includes a means for calculating the length of said package based on

said speed and time measurements.

A billing system as claimed in claim 1 wherein said y and z
axis sensors define a measurement plane through which said

package being measured passes.

A billing system as claimed in claim 12 wherein said sizer
further includes optical signal sources directed at said optical sensors

along the v axis.

A billing system as claimed in claim 13 further including optical

input guides to shield said optical sensors from stray light sources.

A billing system as claimed in claim 13 further including optical
signal guides to direct an optical output from said optical signal

sources towards said optical sensors.

A billing system as claimed in claim 11 further including a

motor to drive said conveyor to pass said package past said sensors.

A billing system as claimed in claim 16 further including a
speed sensor to measure the actual speed of said package as it

passes said sensors.

A billing system as claimed in claim 1 wherein said system

measures the time a package takes to pass past said sensors.

A billing system as cﬁéimed in claim 1 further including a light

source located above said 7z axis sensors.
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A method of determining transportation charges for packages
by using a billing system having non-contact optical sensors, said
method comprising the steps of:

identifying a package by means of a reader;

passing the package past sensors located in a y and z axis
and measuring a length of said package on an x axis;

determining a volume of said package from said sensor
readings and said length of said package;

measuring a weight of the package;

correlating the package identifier with said measured weight
and volume of said package in a database;

displaying the measured weight and volume; anad

determining a charge for said package based upon said
measured weight and volume upon acceptance of the displayed

package parameters.

A method of determining transportation charges for a package
as claimed in claim 20 wherein said method further includes an
initialization step, in which all of the non-contact optical sensors are
temporarily energized to permit visual verification of system

operation.

A method of determining transpoitation charges for a package
as claimed in claim 21 further Including the step of checking each

optical sensor upon start up and detecting any faults therein.

A method of determining transportation charges for a package
as claimed in claim 22 further including the step of displaying an error

message upon a fault being detected in an optical sensor.

A method of determining transportation charges for a package
as claimed in claim 23 further including the step of identifying a

location of said detected fault and displaying the same.
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