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DESCRIPTION

Description

BACKGROUND

[0001] The invention relates generally to power-driven conveyors and more particularly to
systems and methods for measuring the flow of packages on a conveyor.

[0002] In the package-handling industry, individual packages are sorted from a mass flow of
randomly oriented and stacked packages on a conveyor. But before the packages can be
sorted, they have to be separated from each other, oriented so that each package's identifying
indicia can be read, and sorted off the conveyor to the proper destination. The conveyor speed
is controlled to prevent both the oversupply and the undersupply of packages to downstream
processing, such as separating, orienting, reading, and sorting.

[0003] One way to determine the flow rate of a mass flow of packages is by first measuring the
depth, or height, of the mass flow of packages along a line across the width of the conveyor.
Laser range finders arranged in a row looking down at the conveyor measure the distances
down to the top of the mass flow. The distance measurements can be converted into the
heights of the mass along the line. The heights are computed from range-finder distance
measurements taken at a rate determined by encoder pulses whose rate is proportional to
conveyor speed. In that way the measurements are spaced a generally fixed distance along
the conveyor in the conveying direction. The height measurements for all the range finders
covering a fixed area of a measurement zone downstream of the range finders are added
together and multiplied by that area to determine a volume of packages in the measurement
zone. The volume is then divided by an average package volume to estimate the number of
packages in the measurement zone. The package flow rate is then calculated by multiplying
the estimated number of packages by the belt speed and dividing by the fixed length of the
measurement zone. In other words the package flow rate is calculated by dividing the
estimated number of packages in the zone by the time the packages take to pass through the
zone. The estimated flow rate is then used to control the speed of the conveyor. Errors can
result from coarse, non-uniform measurements of package height and inaccurate estimates of
average package size. US 6 603 563 B1 discloses an apparatus for determining
measurements of an object moving along a conveyor path having a support surface, having in
particular a distance-measuring system measuring the profile of the packages at discrete spots
extending across the width of the conveyor to produce a series of sequential profile
measurements at each discrete spot, a controller programmed to execute instructions to
compute the series of profile measurements for each of the discrete spots and to detect edges
of the packages from steps of the series of profile measurements, and a speed sensor
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producing speed measurements of the speed of the conveyor on the conveying direction.

[0004] WO 2009/016614 A2 discloses a universal counting and measurement system and
method.

[0005] US 4 962 538 A discloses a system for counting overlapped newspapers carried on a
moving conveyor which employs an optical sensor which is passive in nature.

SUMMARY

[0006] One version of a conveying system embodying features of the invention is defined in
claim 1.

[0007] A method embodying features of the invention for sizing packages on a conveyor is
defined in claim 15.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 is a side elevation view of a conveyor system embodying features of the invention for
measuring a mass of conveyed packages.

FIG. 2 is a top plan view of an array of laser distance-measuring sensors usable in the
conveyor system of FIG. 1.

FIG. 3 is a top plan view of the conveyor system of FIG. 1.

FIG. 4 shows an example profile of a mass flow of packages on a conveyor as in FIG. 1 as
measured by one of the distance-measuring sensors as in FIG. 2 along with first and second
derivatives of the profile record.

FIG. 5 is a block diagram of a control system usable with the conveyor system of FIG. 1.

FIG. 6 is a block diagram of one version of the flow of measurement data in the control system
of FIG. 5.

FIG. 7 is a block diagram of another version of the flow of measurement data in the control
system of FIG. 5.

FIG. 8 is a flowchart of one version of a package flow-measuring and conveyor speed-control
algorithm for use with a conveyor system as in FIG. 1 and a control system as in FIG. 5.
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DETAILED DESCRIPTION

[0009] A portion of a conveyor system embodying features of the invention is shown in FIG. 1.
The conveyor system 10 comprises a conveyor 12 conveying a mass flow of packages 14
along an upper carry way run in a conveying direction 16. In this example the conveyor 12 is a
conveyor belt trained around a drive element 18-pulleys, sprockets, or drum-at one end and an
idle element (not shown) at an opposite end. The drive element 18 is part of a conveyor drive
that includes a drive shaft and a motor and could also include a transmission belt or a gear
train. Instead of a belt conveyor, the conveyor system could alternatively use a powered roller
conveyor to advance the mass flow of packages 14 in the conveying direction 16.

[0010] A distance-measuring system 20 is supported above the conveyor 12 by side supports
22. The system 20 includes an array of laterally spaced distance-measuring sensors 24. The
array is linear with equi-spaced sensors 24 as also shown in FIG. 2. The sensors 24 are
mounted to a crossbeam 26 whose ends are supported by the side supports 22. One version
of distance-measuring sensor 24 is a laser range finder that directs a laser beam 28 at a target
and detects the laser light reflected back to measure the distance d from the range finder to
the target. Because the height H of the sensor 24 above the conveying surface 29 (FIG. 1) is

fixed, the height (or depth) of the mass of packages for each distance measurement is given
by Hy - M, where M is the sensor's measurement of the distance d. (If each distance

measurement M for each sensor is subtracted from the height Hg of the sensors above the

conveying surface 29, the result is a profile of the depth, or height, of the packages above the
conveying surface. If the distance measurements M are used directly, they produce a
reversed, but equivalent profile viewed from the opposite side.) To increase gradation without
increasing the number of sensors, each range finder could scan its beam laterally to measure
the distance to more than one spot as indicated by the dashes 31 in FIG. 2 for one of the
sensors. (In FIG. 2 the distance to the target, i.e., to the top of the mass flow of packages, is
directed into the page.)

[0011] As shown in FIG. 3, the distance-measuring sensors 24 illuminate discrete
measurement spots 30 across the width of the conveyor 12 from a first side 32 to an opposite
second side 33 along a line defined by the linear arrangement of the distance-measuring
sensors 24 in the distance-measuring system 20. The lateral line of sensors 24 is read
periodically to produce series of measurements, and the series of measurements are saved,
for example, in buffers holding enough consecutive sets of measurements to form an array
covering a predetermined length of the conveyor 12 in the conveying direction 16 downstream
of the distance-measuring sensors 24. The predetermined length defines a measurement zone
34 whose length and width are fixed and whose area is A. The zone 34 is a region of the
conveyor in which the number of packages is to be estimated. As FIG. 3 shows, the
measurements define series of lateral rows R of measurements spaced apart in distance along
the carryway direction 16 (the X direction) in the measurement zone 34. Each row of
measurements is spaced apart a distance dx in the conveying direction 16. And the series of
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rows of measurements also define longitudinal lanes, or columns C, of measurements-each
column representing consecutive measurements by one of the distance-measuring sensors-
spaced apart in the width direction (the Y direction) by a distance dy equivalent to the sensor
or measurement-spot spacing. The area of each measurement spot is thus given by the
product dx-dy.

[0012] FIG. 4 shows an exemplary height, or depth, profile P(l) produced by one of the
distance-measuring sensors measuring the depth of a package flow as in FIG. 1. The profile
P(l) is differentiated to produce a first derivative P'(l) of the profile P(l). The first derivative P'(l)
may be differentiated to produce a second derivative P"(l) of the profile P(/). The first derivative
P'(l) is characterized by a number of steps. Abrupt changes in the slope of the profile P(/) result
in the steps in the first derivative P'(/). The abrupt changes indicate package edges, i.e., points
on the edges of packages. Because the number of edges is generally proportional to the
number of packages, counting the steps in the derivatives of all the sensor profiles provides an
estimate of the number of packages in the measurement zone. Examples of ways to estimate
the number of packages from the package profile follow.

[0013] A first way to estimate the number of packages in the measurement zone is for a
conveyor controller 40 (FIG. 5) to execute program instructions in program memory to:

1. (1) compute the first derivative P'(l) of the profile P(l);

2. (2) count the number of positive-going steps in the first derivatives P'(1) of the profile P(l)
that exceed a positive threshold Th+ to produce a first count;

3. (3) count the number of negative-going steps in the first derivative of the profile that
exceed a negative threshold Th- to produce a second count;

4. (4) estimate the number of packages in the measurement zone as the greater of the two
counts.

[0014] Another way for the controller to estimate the number of packages in the measurement
zone is to execute program instructions to:

1. (1) compute the first derivative P'(l) of the profile P(l);

2. (2) pair up positive-going steps in the first derivatives P'(1) of the profile P(/) that exceed
a positive threshold Th+ and negative-going steps in the first derivative that exceed a
negative threshold Th-;

3. (3) count the number of pairs to produce a first count;

4. (4) determine the distance spanned by each pair;

5. (5) count the number of instances in which the distance spanned by each pair exceeds a
predetermined maximum distance to produce a second count;

6. (6) estimate the number of packages in the measurement zone as the sum of the two
counts.

The second count represents detections of stacked packages.
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[0015] The derivatives taken in the previous two examples can be taken in the X, or conveying,
direction 16 for each sensor or in the Y, or width, direction from sensor to sensor, or in both
directions.

[0016] A third way the controller can estimate the number of packages in the measurement
zone uses both the X and Y derivatives by:

1. (1) computing derivatives of the profile measurements as a first array of inline first
derivatives taken in the conveying, or X, direction;

2. (2) computing a second array of crossline first derivatives taken across the line of
sensors in the width, or Y, direction;

3. (3) identifying the corresponding elements in the inline and crossline arrays in which the
first derivatives are both positive as positive coincidences;

4. (4) identifying the corresponding elements in the inline and crossline arrays in which the
first derivatives are both negative as negative coincidences;

5. (5) counting the number of positive coincidences to produce a first count;

6. (6) counting the number of negative coincidences to produce a second count;

7. (7) estimating the number or packages in the measurement zone as the greater of the
first and second counts minus the lesser of the first and second counts.

[0017] In some instances the profile's second derivative P"(l) may be used in a similar way as
the first derivative to estimate the number of packages or to enhance the estimate produced by
the first derivative. In the second derivative, package edges are indicated by doublets-positive
and negative pairs of pulses that exceed corresponding positive and negative thresholds. The
edges can be counted to estimate the number of packages in the measurement zone.

[0018] As shown in FIG. 5, the conveyor system is controlled by the controller 40, such as a
programmable logic controller or a general-purpose programmable computer executing
instructions stored in its program memory. The controller 40 receives distance measurements
from the distance-measurement system 20. The measurements are sampled at a repetition
rate proportional to the conveyor speed, such as from the output of a speed sensor 42
measuring conveyor speed. The speed sensor 42 could be, for example, a shaft encoder
mounted on the conveyor belt's drive shaft 44 transmitting pulses at a rate proportional to
conveyor speed. In that way samples are taken at equal spatial intervals on the belt to ensure
that the length of the measurement zone is constant from sample to sample. From the
distance measurements the controller 40 derives their derivatives and estimates the number of
packages in the measurement zone. Because the number of packages in the measurement
zone at any time is proportional to the flow rate, the controller 40 adjusts the speed of the belt
with a speed signal 46 sent to the conveyor drive 48. As the number of packages in the
measurement zone increases, the controller 40 reduces the conveyor speed accordingly; and
as the number of packages decreases, the controller increases the speed. In that way the flow
rate is generally held constant.
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[0019] As one example of how the controller adjusts the conveyor speed, consider a conveyor
system in which an infeed conveyor laden with a mass flow of packages feeds packages to
conveyors downstream that separate packages and include a gapping conveyor that imposes
minimum gaps of length g between consecutive separated packages. If the gapping conveyor
is the pacing item in the conveyor system and its speed vy is fixed, the maximum package rate

rp for packages of size s is given by r, = vg/(s + g). The controller adjusts the speed of the
infeed conveyor to v = rp(L/Np), where L is the length of the measurement zone and N, is the

estimated number of packages in the measurement zone. Thus, the speed v of the infeed
conveyor is set to a value inversely proportional to the estimated number of packages N in the

measurement zone. The infeed conveyor speed v is limited to a range between a
predetermined minimum allowed speed v,,;, and a predetermined maximum allowed speed

Vmax-

[0020] FIG. 6 illustrates one way in which the controller estimates the number of packages in
the measurement zone. In this example implementation, the distance-measuring sensors 20
make periodic distance measurements along the line. The measurements may be taken
simultaneously across all sensors or asynchronously. Based on the speed measured by the
speed sensor 42, the controller samples the outputs of the distance-measuring sensors at a
variable repetition rate. The most recent distance measurements 50 are read and transferred
into a line buffer 52 in the controller's data memory. As a new set of sequential distance
measurements is clocked into the line buffer 52, the older sets are shifted toward the end of
the buffer and the oldest set is shifted out. A counter 53 counts encoder pulses to produce a
time stamp 54 associated with the clocking of each set of distance measurements into the line
buffer 52. The multiple sets of measurements in the line buffer are used to filter the raw
distance measurements in a low-pass digital filter 55. The array of filtered measurements is
stored in a height-map buffer 56 whose length corresponds to the length of the measurement
zone. As an alternative to the filtered measurements, the unfiltered raw distance
measurements 57 may be used to populate the height-map buffer 56 if the signal-to-noise ratio
of the measurements is high enough. Inline first derivatives of the distance measurements are
computed and clocked through an inline-derivative buffer 58 as an array. The inline derivative

is computed by an inline differentiator 60. The differentiator 60 divides the difference (M"; - M";.
4) between consecutive distance measurements M for each measurement spot n by the

distance dx between consecutive spots j, i-71 in the conveying direction, i.e., along each column
C of measurements. In a similar way crossline derivatives of the profile are computed and
clocked through a crossline buffer 62. A crossline differentiator 64 computes derivatives across
a single set of measurements J in the width direction by dividing the difference between the

distance measurements (M"-M™ 1) at laterally consecutive spots n, n+1 across each row R by

the distance dy between spots. Together, the inline and crossline derivatives produce a three-
dimensional gradient of the profile. Both differentiators 60, 64 could also convert the distance
measurements into actual depth (height) measurements by applying appropriate scale factors
and functional relationships. But whether scaled and converted or not, the distance
measurements still represent the profile of the mass of packages in the measurement zone.
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And dividing the differences by dy and dx is optional if both are constants and, thus, scale
factors. The controller also computes a volume vector 66 for each line as the product of the
area of the measurement zone and the sum of the depth measurements of all the sensors
along the line. The sum of all the volume vectors across the length of the measurement zone,
i.e., the integral of the profile, provides an estimate of the number of packages in the zone.

[0021] The time stamp 54, the volume vector 66, the height map 56, the inline-derivative map
58, and the crossline-derivative map 62 are all inputs to an estimation process 68 that
produces an estimate 70 of the number of packages in the measurement zone. The estimate
is updated at the variable repetition rate set by the speed sensor 42. The estimation process
68 can use only the inline derivative as disclosed previously or can use both the inline and
crossline derivatives to estimate the number of packages. If one of the inline-only methods is
used, the crossline buffer 62 and the crossline differentiator 64 are not necessary. If the
second derivative is used, the inline buffer 58 or the crossline buffer 62 would feed inline and
crossline second derivative buffers (not shown) that would feed the estimation process.

[0022] The time stamp 54 is used to synchronize the data. The volume vector 66 is summed
with the previous volume vectors that span the measurement zone to produce an overall
package volume V from the integrated profile that can be used to refine the derivative-based
estimate. And if certain characteristics of the mass of packages are known a priori, such as
actual physical dimensions or empirically determined relationships between estimated package
count and actual package count, the estimates could be further refined with that a priori
knowledge.

[0023] FIG. 7 illustrates an alternative algorithm executed by the controller 40 to estimate the
number of packages in the measurement zone. As in FIG. 6, the most recent set of distance
measurements 50 from the line of sensors 20 is sampled and transferred at a rate set by the
encoder 42 into a line buffer 74 in the controller's data memory. The line buffer 74 contains the
most recent two sets of measurement data M;, M,_4, which represent a two-line slice of the

package-height profile. The difference (M-M;.;) between the two measurement sets is
computed to derive a set of slope values m; = M;-M;_4, which are transferred to a slope buffer

76. Because the inline measurement-spot spacing dx is a constant, it does not have to be used
as a divisor in computing the slope values mj, but it could be. The slope values m; are

equivalent to the first derivatives of the measurement values M. A positive counter acting on

the slope buffer's output values m;_; increments the counts Ki_¢(m*) for each measurement
spot in a positive accumulator 78 by one if the slope value m;_¢ is positive and exceeds a
positive slope threshold Th+ and the immediately preceding slope value m;» does not exceed
the threshold. Those criteria identify a positive step in the slope, or first derivative, which
indicates the detection of a package edge. Similarly, a negative counter acting on the slope
buffer's output values m;_{ increments the counts K ;_ 4(m”) for each measurement spot in a
negative accumulator 80 by one if the slope value m;_q is more negative than a negative slope

threshold Th- and the immediately preceding slope value m;» is not. Those criteria identify a
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negative step in the slope, or first derivative, which indicates the detection of a package edge.
Thus, the positive and negative accumulators 78, 80 are incremented only when the positive or
negative slope values cross positive and negative thresholds Th+, Th-. The sum of the positive
counts 3K;_4(m*) in the positive accumulator 78 for each set of slope values m,_s is computed

and transferred into a positive-sum vector array 82 whose length 84 represents the length of

the measurement zone. The sum of the negative counts 2K;_4(m") in the negative accumulator
80 for each set of slope values m;_¢ is computed and transferred into a negative-sum vector

array 86 whose length 84 represents the length of the measurement zone. The step-size sum

of the absolute values S = &(|m*i-1| + |m_4|) of all the slope values m,_4 that resulted in the
incrementing of either a positive or a negative count is computed for each set of values m;_4

and clocked into a slope-magnitude vector 88 whose length 84 is the same as that of the sum
vectors 82, 86.

[0024] The controller 40 executes processes according to program instructions stored in its
program memory to:

1. (a) estimate the number of packages N, in the measurement zone as Ny, = min(K*, K)/2,

where K* is the sum of all the counts in the positive-sum vector 82, K- is the sum of all
the counts in the negative-sum buffer 86, and min(a, b) is the minimum function that
returns the lesser value of its arguments a, b;

2. (b) compute the adaptive positive and negative thresholds Th+, Th- as £S/[2(K+ + K-)];

3. (c) estimate an average package size s as
, Where A is the area of the measurement zone and max(a, b) is the maximum function
that returns the greater value of its arguments a, b;

4. (d) estimate a package flow rate rp as rp, = v /(s + g), where g is the minimum gap setting
92 between packages on a gapping conveyor downstream of the sensor array 20 as set
by user input and vy is the gapping conveyor speed setting 94; and

S. (e) compute an infeed conveyor speed v as v = rp(L/Np), where L is the length of the
measurement zone, limit the infeed conveyor speed v to a range between a
predetermined minimum allowed speed v, and a predetermined maximum allowed

speed v, and send the corresponding speed signal 46 to the infeed conveyor drive
48.

[0025] Other user inputs that could be used include a desired package flow rate 96 and an
average package volume 98 that the controller 40 can use in refining the estimate of the
number of packages or adjusting the infeed conveyor speed.

[0026] FIG. 8 is a flowchart of an exemplary control algorithm of program steps executed by
the controller. Initial parameters 100, such as the length of the measurement zone, the
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minimum package gap, the speed of the gapping conveyor, the maximum allowed package
flow rate, and the average package size, may be predetermined fixed values or user-inputted
settings. The initial parameters are used in subsequent calculations. The controller waits for an
encoder pulse at step 102. When a pulse is received, the controller reads 104 the distance-
measurement sensors. From those distance readings, the controller calculates 106 the height
of the mass of packages along the sensor line. At step 108 the controller calculates the
derivatives of the height measurements for each sensor. The controller can optionally compute
adaptive thresholds at step 112 from an average of the magnitudes of the recent derivatives
that indicate package edges detected by the controller at step 110. As an alternative, the
controller can use predetermined fixed thresholds or user-inputted threshold settings. The
controller counts the number of positive and negative threshold crossings by the derivatives at
step 114 and, from those counts, estimates the number of packages in the measurement zone
at step 116. And from that estimate the controller can compute a speed for the infeed conveyor
at step 118 and send a corresponding speed signal to the conveyor drive to adjust the
conveyor speed appropriately. The controller can also estimate an average package size at
step 120 from the area of the measurement zone and the positive and negative counts. And
the controller can calculate the maximum allowable package flow rate from the average
package size, the speed of the gapping conveyor, and the minimum inter-package gap at step
122. The maximum package flow rate can be used with the estimated number of packages
and the length of the measurement zone to set the belt speed at step 118.

[0027] Although features of the invention have been described in detail with reference to
specific versions, other versions are possible. For example, distance-measuring sensors other
than laser rangefinders could be used. Some other distance-measuring sensor systems
include sonar, ultrasonic sensors, LIDAR, radar, milimeter-wave sensors, stereoscopic
cameras, time-of-flight sensors, multi-angle photogrammetry, and mechanical range finders,
such as dancer rollers. And the sensors may be positioned wherever practicable. As other
examples, the thresholds Th+ Th- can be adaptive as described, user inputs, or
predetermined, fixed values. Or the gapping conveyor speed vy and the minimum gap g

settings can be predetermined, fixed values rather than user inputs. And, instead of computing
package size s, it can be a user input setting or a predetermined value. Or the gapping
conveyor speed v, can be determined from a speed sensor. And it would be possible to refine

the estimated number of packages N, with an empirically predetermined fudge factor or an

adaptive fudge factor based on actual or estimated package size s or an estimated volume V
of packages in the measurement zone. The distance-measuring sensors could also be used to
determine the outlines of singulated or separated packages by detecting their edges from the
derivatives of the sensors’' depth measurements. And once the outline of a package is
determined, the package's face and its corners can be recognized and its centroid can be
computed. So, as these few examples suggest, the scope of the invention is defined in the
appended claims.

GLOSSARY
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Term Meaning

[0028]
Hs
height of distance-measuring sensor array above the conveying surface
d
distance from sensors to the top of the packages
M
distance-measurement-sensor measurement
dx
inline measurement spot size or spacing
dy
crossline measurement spot size or spacing
P()
package profile of crossline / along the measurement zone
P(l)
18t derivative of P(l)
P(l)
2nd derivative of Py()
Th+
positive threshold
Th-
negative threshold minimum package gap on the gapping conveyor downstream of the
sensor
g
array
Vg
speed of the gapping conveyor
s
package size
I'p
package flow rate
L
length of the measurement zone
A
area of the measurement zone
Np
estimated number of packages in the measurement zone
%

infeed conveyor speed
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Vmin
infeed conveyor speed lower limit
Vmax
infeed conveyor speed upper limit
i
measurement spot inline index
n
measurement spot crossline index
v
volume of packages in the measurement zone
m
slope, or 18t derivative, of the measurements M
K*
count of positive steps in the slope in the measurement zone
K-
count of negative steps in the slope in the measurement zone
5

sum of the absolute values of the slope steps in the measurement zone
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PATENTKRAV:
1. Transportgrsystem (10), der omfatter:

en transporter (12), der i bredden straekker sig fra en ferste side (32) til en modstaende anden

(33) og fremfa@rer pakker (14) i en transportretning (16);

et afstandsmalesystem (20), der maler pakkernes (14) profil pa diskrete steder (30), der
straskker sig pa tvaers af bredden af transporteren (12), for at frembringe en reekke sekventielle

profilmalinger pa hvert diskrete sted (30);

en styreenhed (40) programmeret til at udfere instruktioner for at:

(a) beregne derivater af reekken af profilmalinger for hvert af de diskrete steder (30);
(b) detektere kanter pa pakkerne fra trin i derivaterne fra reekken af profilmalinger;

en hastighedssensor (42), der frembringer hastighedsmalinger af transportgrens (12)
hastighed i transportretningen (16), og hvor afstandsmalesystemet (20) foretager
profilmalingerne ved en gentagelsesrate, der er proportional med transporterens (12)
hastighed.

2. Transportgrsystem (10) ifelge krav 1, hvor styreenheden (40) er programmeret til at
gentage trin (a) og (b) ved en gentagelsesrate, der er proportional med transportgrens (12)
hastighed.

3. Transportgrsystem (10) ifslge krav 1, hvor a) derivaterne er inline-derivater af raekken
for hvert af de diskrete steder (30) taget i transportretningen (16); eller b) hvor derivaterne er
tveerlinederivater af de diskrete steder (30) taget langs linjen pa tvaers af transportarens (12)
bredde.

4. Transportgrsystem (10) ifglge krav 1, hvor a) derivaterne er forste derivater; eller b)

hvor derivaterne er anden derivater.

5. Transportgrsystem (10) ifelge krav 1, hvor afstandsmalesystemet (20) indbefatter et
array af afstandsmalende sensorer (24) placeret over og pa tvaers af transporteren (12), hvor
hver afstandsmalende sensor (24) maler profilen af massestremmen af pakker (14) pa et af

de diskrete steder.

6. Transportgrsystem (10) ifelge krav 1, hvor afstandsmalesystemet (20) indbefatter én
eller flere afstandsmalende sensorer (24), der hver scanner pa tveers af transporteren (12)
langs en leengde af linjen for at foretage profilmalingerne pa mere end ét af de diskrete steder
(30).
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7. Transportgrsystem (10) ifglge krav 1, hvor a) styreenheden (40) er programmeret til at
udfere instruktioner for at bestemme konturerne af individuelle enkeltstdende pakker (14) fra
kanterne detekteret fra derivaterne; eller b) styreenheden (40) er programmeret til at udfare
instruktioner for at beregne det geometriske tyngdepunkt for individuelle enkeltstaende pakker

(14) fra kanterne detekteret fra derivaterne.
8. Transportgrsystem (10) ifslge krav 1, hvor:
transportaren (12) fremfarer pakkerne (14) i en massestrem i transportretningen (16);

reekken af sekventielle profilmalinger pa hvert diskrete sted daekker et forudbestemt antal af
de diskrete steder (30), der svarer til le&engden af en malezone (34), som straekker sig

nedstrems for linjen i transportretningen (16);
styreenheden (40) er programmeret til at udf@re instruktioner for at:
(c) teelle antallet af trinnene i de ferste derivater af reekken af profiler; og

(d) estimere antallet af pakker (14) i mélezonen (34) fra taellingen af antallet af trin i de ferste

derivater af reekken af samtlige de diskrete steder (30).

9. Transportgrsystem (10) ifslge krav 8, og som omfatter et transportgrdrev (48), der
driver transportgren (12) i transportretningen (16), hvor styreenheden (40) sender et
hastighedssignal til transporterdrevet (48) for at drive transportgren (12) ved en hastighed

omvendt proportional med det estimerede antal pakker (14) i malezonen (34).
10. Transportersystem (10) ifslge krav 8, hvor styreenheden (40) er programmeret til at:

(e) teelle antallet af positivt géende trin i de ferste derivater, der overskrider en positiv ferste

teerskel for at frembringe en fgrste teelling;

(f) teelle antallet af negativt gaende trin i de f@rste derivater, der overskrider en negativ anden

teerskel for at frembringe en anden teelling;

(g) estimere antallet af pakker (14) i mélezonen (34) som den sterste af den ferste teelling og

den anden teelling.
11. Transportersystem (10) ifslge krav 8, hvor styreenheden (40) er programmeret til at:

(c) parre positivt gdende trin i det ferste derivater, der overskrider en positiv ferste tesrskel og

negativt géende trin i de farste derivater, der overskrider en negativ anden teerskel;
(f) teelle antallet af par for at frembringe en ferste teelling;

(g) bestemme afstanden spaendt over af hvert par;
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(h) teelle antallet af forekomster, hvori afstanden spaendt over af hvert par overskrider en

maksimumafstand for at frembringe en anden teelling;

(i) estimere antallet af pakker (14) i malezonen (34) som summen af den ferste teelling og den

anden teelling.
12. Transportersystem (10) ifslge krav 8, hvor styreenheden (40) er programmeret til at:

(e) beregne de farste derivater af raekken af profilmalinger som et ferste array af ferste inline-
derivater taget i transportretningen (16) og et andet array af farste tveerlinjederivater taget

langs linjen pa tveers af transport@rens bredde;

(f) identificere de tilsvarende elementer i fgrste og anden arrays, hvori de fgrste derivater

begge er positive som positive sammenfald,

(g) identificere de tilsvarende elementer i farste og anden arrays, hvori de fgrste derivater

begge er negative som negative sammenfald;
(h) teelle antallet af positive sammenfald for at frembringe en farste teelling;
(i) teelle antallet af negative sammenfald for at frembringe en anden teelling;

(j) estimere antallet af pakker (14) i malezonen (34) som den sterste af den ferste og anden

teelling minus halvdelen af den mindste af farste og anden teellinger.
13. Transportersystem (10) ifslge krav 8, hvor styreenheden (40) er programmeret til at:

(e) estimere pakkernes (14) volumen i malezonen (34) fra raekken af profilmalinger og

malezonens (34) omrade;

(f) forfine estimatet af antallet af pakker i malezonen som en funktion af det estimerede

volumen.

14. Transportgrsystem (10) ifelge krav 1, hvor styreenheden (40) er programmeret til at
beregne adaptive positive og negative teerskler, hvormed derivaterne sammenlignes for at

identificere krydsninger af teersklerne, der indikerer trinnene i derivaterne.

15. Fremgangsmade til dimensionering af pakker (14) pa en transporter (12), hvilken
fremgangsmade omfatter:

maling af pakkernes (14) profil pa en transporter (12), der fremferer pakkerne (14) i en
transportretning (16) pa diskrete steder (30), der straekker sig pa tveers af bredden af
transporteren (12) med afstandsmalende sensorer (24) for at frembringe en raskke

sekventielle profilmalinger pa hvert diskrete sted (30);
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beregning af ferste derivater af reekken af profilmalinger for hvert af de diskrete steder (30) i
en programmeret styreenhed (40);

detektering af pakkernes (14) kanter fra trin i de ferste derivater af reekken af profilmalinger i
den programmerede styreenhed (40);

foretagelse af hastighedsmalinger af transporterens (12) hastighed i transportretningen (16);

0g

foretagelse af profimalingerne ved en gentagelsesrate, der er proportional med

transportarens (12) hastighed.
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