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(57) Abstract: Scanners, methods, and computer storage media having computer-executable instructions embodied thereon that pro -
cess variable sized objects with high package pitch on a moving conveyor belt are provided. The scanners include a substrate and a

o plurality of sensors attached to the substrate. The plurality of sensors form an array of sensors having at least two or more rows of
off-axis sensors. The sensors may include a one or more area array sensors. The arrays of sensors captures moving objects row by
row and are optimized reduce object spacing on the conveyor belt. Additionally, the scanner having the array of sensor may process
different objects having different heights at the same time. Accordingly, object throughput on the conveyor belt is increased by redu
cing minimum object gap (e.g., processing of "no gap" or non-singulated objects).



Multiline scanner

BACKGROUND

[0001] Conventional scanners process packages by reading and decoding information

affixed to the packages as they move along a conveyor system. Typically, the scanners

incorporate a light source and a light detecting means, such as charge-coupled device (CCD)

sensors or complementary metal-oxide-semiconductor (CMOS) sensors. A portion of the

light which is reflected from the package is detected by the image sensor and converted into

an electrical signal, which is the basis for the object properties that include digital images of a

package that has been read by the scanner. The digital image is processed and decoded

according to instructions executed by one or more computer processors of the conventional

scanners or the conveyor system.

[0002] The conventional scanners are manufactured with a high speed imager having

a fixed focal length lens and a moving mechanical focus mechanism. The focus mechanism

is positioned based on the dimension information of the package received from a rangefinder

upstream from the scanner. The moving focus mechanism of the scanner is relatively slow,

expensive, and can be a potential reliability problem. In instances when the scanner is unable

to capture a useable image of the package, the packages are scanned manually by a package

handler with a conventional scanner. The manual processing of the packages reduces the

efficiency for package processing in the conveyor system.

[0003] Because of the limited depth of field associated with the fixed lens system,

conventional scanners rely on the mechanical focusing mechanism to improve image quality.

Normally, the depth of field is not large enough to produce sharp images for different types

of package that vary in size (e.g., tall packages: boxes, and short packages: letters) on the

same conveyor belt. Accordingly, pre-sorting by the package handlers may be employed

during package processing. For instance, pre-sorting may require specific placement of

l



packages based on package size or type. Alternatively, pre-sorting may require singulated

flow of packages before packages are scanned.

SUMMARY
[0004] This Summary is provided to introduce a selection of concepts in a simplified

form that are further described below in the Detailed Description. This Summary is not

intended to identify key features or essential features of the claimed subject matter, nor is it

intended to be used as an aid in determining the scope of the claimed subject matter.

[0005] Embodiments of the invention relate to processing objects on a conveyor belt

with a multiline scanner. A computer system is configured to control the multiline scanner

having a sensor array or area array sensor. The computer system activates one or more rows

of the sensor array as the objects are transported within a field of view of the sensor array by

the conveyor belt system. In one embodiment, the sensor array has a shared lens system.

One or more rows of the sensor array are activated as the objects are transported by the

conveyor belt system within a field of view of the sensor array. In turn, the computer system

switches among several rows of the sensor array to determine properties for the objects on the

conveyor belt. The computer system, in turn, generates images from the object properties

obtained from the sensor array.

[0006] In another embodiment, a scanner device is provided. The scanner device

includes a substrate and a plurality of sensors. The plurality of sensors is attached to the

substrate. In certain embodiments, the plurality of sensors forms an array of sensors having

at least two or more rows of off-axis sensors. The sensors may include charge-coupled

device (CCD) sensors or complementary metal-oxide-semiconductor (CMOS) sensors.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Embodiments of the invention are illustrated by way of example and not

limitation in the accompanying figures in which like reference numerals indicate similar

elements and in which:



[0008] FIG. 1 is a schematic diagram of an exemplary conveyor system for object

processing in accordance with embodiments of the invention;

[0009] FIG. 2 is another schematic diagram of an exemplary conveyor system for

object processing in accordance with embodiments of the invention;

[0010] FIG. 3 is another schematic diagram of an exemplary conveyor system for

object processing in accordance with embodiments of the invention;

[0011] FIG. 4 is another schematic diagram of an exemplary conveyor system

illustrating a sensor scanning direction in accordance with embodiments of the invention;

[0012] FIG. 5 is a block diagram of components for an exemplary scanner in

accordance with embodiments of the invention;

[0013] FIG. 6 is an optical diagram for an exemplary scanner with a first

configuration in accordance with embodiments of the invention;

[0014] FIG. 7 is an optical diagram for an exemplary scanner with a second

configuration in accordance with embodiments of the invention;

[0015] FIG. 8 is an optical diagram for an exemplary scanner with a third

configuration in accordance with embodiments of the invention;

[0016] FIG. 9 is an optical diagram for an exemplary scanner with a fourth

configuration in accordance with embodiments of the invention;

[0017] FIG. 10 is an optical diagram for an exemplary scanner with a fifth

configuration in accordance with embodiments of the invention;

[0018] FIG. 11 is an optical diagram for an exemplary scanner with a sixth

configuration in accordance with embodiments of the invention;

[0019] FIG. 12 is an optical diagram for an exemplary scanner with a seventh

configuration in accordance with embodiments of the invention;



[0020] FIG. 13 is an optical diagram for an exemplary scanner with an eighth

configuration in accordance with embodiments of the invention; and

[0021] FIG. 14 is a block diagram showing a method for processing objects in

accordance with embodiments of the invention.

DETAILED DESCRIPTION
[0022] The subject matter of the embodiments of the invention is described with

specificity herein to meet statutory requirements. However, the description itself is not

intended to limit the scope of this patent. Rather, the inventors have contemplated that the

claimed subject matter might also be embodied in other ways, to include different steps or

combinations of steps similar to the ones described in this document, in conjunction with

other present or future technologies. Moreover, although the terms "step" and/or "block"

may be used herein to connote different elements of methods employed, the terms should not

be interpreted as implying any particular order among or between various steps herein

disclosed unless and except when the order of individual steps is explicitly described.

[0023] Embodiments of the invention eliminate the need for moving focus

mechanisms in scanner devices that obtain images of objects on a conveyor belt. In one

embodiment, the scanner devices include an optical element connected to a sensor array that

processes light reflected by the objects on the conveyor belt. The scanner device may include

several types of sensors (e.g., area array sensors, linear sensor array, line scan sensors). For

instance, the scanner device may include an area array sensor with several rows and a random

programmable region of interest readout configuration. The scanner device may include

rows of linear sensor arrays. Alternatively, the scanner device may include rows of line scan

sensors.

[0024] The sensor array processes the light refracted at the optical element. The

refracted light is received at different rows in the sensor array. In one embodiment, the light



at each row may be processed by a computer processor in a different manner to determine the

appropriate object properties.

[0025] To reduce the size of the scanner, the sensor array may be fabricated on a

single die package with multiple rows that are close together. The small spacing between

rows provides for small imaging areas and reduces overall package size for the single die

package. In some embodiments, the single die package consists of a substrate and a plurality

of packaged sensors on the substrate, each sensor comprising at least one linear array of

sensing elements, wherein the linear array is positioned off-axis with respect to a centerline

of the single die package extending along a major dimension of the single die package.

[0026] In other words, the sensor array may consist of two CCD or CMOS sensors

with an off-center sensing line. The sensors may be placed with opposite orientations such

that the sensing lines are spatially very close. The sensors face the same receiving lens. The

sensors are placed on the same substrate; however, they have different distances from the

imaging lens, creating a difference in the respective focal point and therefore correctly

imaging different parts of the scanner's field of view.

[0027] Throughout this patent, several acronyms and shorthand notations are used to aid

the understanding of certain concepts pertaining to the associated system and services. These

acronyms and shorthand notations are intended to help provide an easy methodology of

communicating the ideas expressed herein and are not meant to limit the scope of the

embodiments of the invention. The following is a list of these acronyms:

CCD Charge-Coupled Device

CD-ROM Compact Disc Read-only Memory

CMOS Complementary Metal-Oxide- Semiconductor

CPU Central Processing Unit

DVD Digital Versatile Disc

EE-PROM Electronically Erasable Programmable Read-only Memory

E-ISBN Electronic International Standard Book Number



ISBN International Standard Book Number

NFC Near Field Communication

NSRL National Software Reference Library

PDA Personal Data Assistant

RAM Random Access Memory

RFID Radio Frequency Identification

ROM Read-only Memory

SSCC Serial Shipping Container Code

UPC Universal Product Code

WiFi Wireless Fidelity

[0028] Further, various technical terms are used throughout this description. An

illustrative resource that fleshes out various aspects of these terms can be found in Newton's

Telecom Dictionary, 25th Edition (2009).

[0029] Accordingly, embodiments of the invention provide a multiline scanner that

has at least one image sensor with multiple sensor rows. The multiline scanner may generate

several images for the objects moving on the conveyor belt. The configuration of the sensor

array or optical elements may vary according to several embodiments of the invention.

[0030] In certain embodiments, the multiline scanner includes a tilted sensor array or

optical elements that are positioned in front of the sensors in the sensor array. The tilted

sensor array or the optical element in the multiline scanner may impact a path of light

reflected by the object. In one embodiment, the optical path length between the imaging lens

and the sensor array may be different for each row of the sensor array.

[0031] Thus, the multiline scanner may be configured to read a barcode or label

which is placed (top, front, side, back) on an object moving on the conveyor belt. The size

(e.g., width, height, length) of the moving object can vary. The multiline scanner may

capture at least one focused image for the moving object via the sensor array.



[0032] In some embodiments, the minimum spacing between objects may depend on

the specific spacing of the sensors in the sensor array. One approximate formula that relates

row spacing and minimum package gap follows:

dxl
[0033] = where s is the minimum gap in the object

space; d is the separation between two sensor rows or two groups of sensor rows in the sensor

array;/is the effective focal length of the imaging lens; and / is the object's distance from the

imaging lens (/ is greater than or equal to f). Preferably, in one embodiment, / is greater than

or equal to 20f.

[0034] A conveyor system includes a belt that transports objects. The objects are read

by a scanner. In most embodiments, the scanner is positioned over the belt and captures

images of the objects as the objects enter a field of view for the scanner. The scanner may be

positioned parallel to the conveyor belt. Alternatively, the scanner may be angled toward the

conveyor belt. The scanner is configured to capture images of multiple objects at the same

time. Accordingly, the conveyor system does not require singulated object flow.

[0035] FIG. 1 is a schematic diagram of an exemplary conveyor system 100 for object

processing in accordance with embodiments of the invention. The conveyor system 100

includes a conveyor belt 10 and a scanner 120. Objects 130 having different sizes (e.g.,

length, width, and height) are transported on top of the conveyor belt 110.

[0036] The conveyor system 100 obtains object properties as the objects 130 are

transported by the conveyor belt 110. For instance, the conveyor system 100 may be

transporting three objects 131, 132, and 133. The sizes of the three objects 131, 132, and 133

may vary. As illustrated in FIG. 1, the heights of the objects are as follows: object 131 has a

height of HI (e.g., quarter of a meter), object 132 has a height of H2 (e.g., half of a meter),

and object 133 has a height of H3 (e.g., one meter).



[0037] The scanner 120 is positioned above the objects 130 and reads the objects 130

with light rays (A, B, C, and D) reflected by the objects 130. The light ray A reads object

133, light rays B and C read object 132, and light ray D reads object 131. In one

embodiment, the light rays A-E represent a field of view of one of the sensors rows of the

scanner 120.

[0038] Accordingly, the scanner 120 may be configured to obtain various object

properties from the objects 130. The objects 130 are sequenced such that focus distances for

the scanner decrease as the objects 130 are transported by the conveyor belt 110. The

scanner 120 may capture object properties for a low height object 131 before object

properties for a high height object 133 or 132 are fully acquired. Each adjacent sensor row

may have alternating focus distance orientations in some embodiments of the invention. A

first sensor row may be configured with a plurality of sensors having increasing focus

distances. The row adjacent to the first row may be configured with a plurality of sensors

having decreasing focus distances.

[0039] In another embodiment, the conveyor system includes a belt that transports

objects. The objects are read by a scanner with rows of linear sensor array or area array

sensor configured with low to high variance in focus distance.

[0040] FIG. 2 is another schematic diagram of an exemplary conveyor system 200 for

object processing in accordance with embodiments of the invention. The conveyor system

200 includes a conveyor belt 210 and a scanner 220. Objects 230 having different sizes (e.g.,

length, width, and height) are transported on top of the conveyor belt 210.

[0041] The conveyor system 200 obtains object properties as the objects 230 are

transported by the conveyor belt 210. For instance, the conveyor system 200 may be

transporting three objects 231, 232, and 233. The sizes of the three objects 231, 232, and 233

may vary. As illustrated in FIG. 2, the heights of the objects are as follows: object 231 has a



height of HI (e.g., a quarter of a meter), object 232 has a height of H2 (e.g., half of a meter),

and object 233 has a height of H3 (e.g., one meter).

[0042] The scanner 220 positioned above the objects 230 reads the objects 230 with

light rays (A, B, C, and D) reflected by the objects 230. The light ray A reads object 231,

light rays B and C read object 232, and the light ray D reads object 233. In certain

embodiments, the light rays A-E represent a field of view of one of the sensors rows of the

scanner 220.

[0043] Accordingly, the scanner 220 may be configured to obtain various object

properties from the objects 230. The objects 230 are sequenced such that focus distances for

the sensors in the rows of sensor array in scanner 220 increase as the objects 230 are

transported by the conveyor belt 210. The scanner 220 may capture object properties for a

high height object 233 before object properties for a low height object 231 or medium height

object 232 are fully acquired.

[0044] In another embodiment, the conveyor system includes a scanner that is

positioned at an angle that is directed toward the conveyor belt. The objects are read by a

scanner that may be configured with high to low variance in focus distance. The scanner may

read both a top and a side of the objects.

[0045] FIG. 3 is another schematic diagram of an exemplary conveyor system 300 for

object processing in accordance with embodiments of the invention. The conveyor system

300 includes a conveyor belt and a scanner 310. Objects 320 having different sizes (e.g.,

length, width, and height) are transported on top of the conveyor belt.

[0046] The conveyor system 300 obtains object properties as the objects 320 are

transported by the conveyor belt. For instance, the conveyor system 300 may be transporting

two objects 321 and 322 with varying height sizes. As illustrated in FIG. 3, the heights of the

objects are as follows: object 321 is taller than object 322.



[0047] The scanner 310 angled above the objects 320 reads the objects 320 with light

rays (A, B, and C) reflected by the objects 320. The light rays A, B, and C read object 322.

The light rays A and B provide properties for a top side of the object 320. The light ray C

provides properties for a side of the object 320. As the object moves toward the scanner 310,

each of the light rays A, B, and C capture several object properties that may be combined to

create an image of the object 320. In certain embodiments, the light rays A-C represent a

field of view of one of the sensors rows of the scanner 310.

[0048] Accordingly, the scanner 310 may be configured to obtain various object

properties from the objects 320 including top and side images. The objects 320 are

sequenced such that focus distances for the scanner 310 decreases as the objects 320 are

transported by the conveyor belt. The scanner 310 may capture object properties for a low

height object 322 after object properties for a high height object 321 are fully acquired.

[0049] In another embodiment, the scanner may have a plurality of sensors that

produce a scan direction that is perpendicular to the motion movement of the object on the

conveyor belt. The properties captured from the object may be used to generate image pixels

for the objects that are processed.

[0050] FIG. 4 is another schematic diagram of an exemplary conveyor system 400

illustrating a sensor scanning direction in accordance with embodiments of the invention.

The conveyor system includes a scanner 410 and a conveyor belt 420. The scanner 410 may

process a series of light rays in sensor scan direction 440, which is perpendicular to object

travel direction 430. The light rays are sensed by a series of sensors in the scanner 410.

[0051] Accordingly, the scanner 410 processes light obtained along a sensor scan

direction 440. The sensor scan direction 440 allows the scanner 410 to obtain object

properties from objects that are adjacent on the conveyor system along a dimension parallel

to the scan direction. The object properties for adjacent properties may be obtained by the



scanner simultaneously. These object properties may be combined to form an image having

the two adjacent packages.

[0052] In one embodiment, the scanner has several components that process light

received from an object. The scanner may include one or more rows of linear sensor arrays

that are packaged on a single die. The linear sensor arrays receive light traveling through a

lens as the light is reflect by the object moving on the conveyor belt. The linear sensor arrays

are included in sensor packages.

[0053] In one embodiment, the scanner may include at least two rows of linear sensor

arrays. A centerline of each sensor package is used to position two or more linear sensor

arrays off-axis. In one embodiment, the centerline runs along a major dimension (e.g.,

length) of the sensor package. In turn, the linear sensor array (within each of the two or more

off-axis sensor packages) is positioned such that the sensing array line is as close to the

border of the sensor package. In other words, the linear sensor array is as far as possible from

the centerline of the sensor package. This results in a minimum distance between adjacent

sensing lines when the packaged sensors are mounted on the substrate (e.g., a single die).

[0054] FIG. 5 is a block diagram of components for an exemplary scanner 500 in

accordance with embodiments of the invention. The scanner 500 includes a substrate 510

that is manufactured with a plurality of sensing packages 520 that process light obtained from

a shared lens 530.

[0055] The substrate 510 is sized to be as compact as possible within scanner 500. In

one embodiment, the substrate is sized between 14 and 15 millimeters in length and about

two millimeters in height. The substrate 510 may be made of ceramic or plastic. The

substrate may include two or more sensing packages 520. In one embodiment, the sensing

packages 520 include two or more linear sensors 525. In an alternate embodiment, the

sensing packages 520 include two or more rows of area array sensors. In certain



embodiments, the sensing packages 520 include two or more linear sensors 525 that are

adjacent to each other may be stacked on the substrate to create an L-shaped cross-section. In

other words, the sensing packages 520 may be positioned on steps formed in the material of

the substrate to vary a distance between the lens 530 and the sensing packages 520.

[0056] The linear sensor arrays 525 are fabricated within the sensing packages 520.

In certain embodiments, adjacent linear sensor arrays 525 may be positioned off-axis. The

sensing package 520 may be approximately one millimeter in height and 12 millimeters in

length. The sensing package 520 contains the linear sensor array 525. Each sensing package

520 has a centerline 530 that divides the sensing package 520 in half along the horizontal

plane of the sensing package 520. In one embodiment, the centerline 530 of the sensing

package 520 is used as reference to position the linear sensor arrays 525 off-axis. For

instance, the linear sensor arrays 525 may be positioned above or below the centerline 530.

In some embodiments, the linear sensor arrays 525 are positioned close to the major border of

the sensing packages 520. The distance between the border of the sensing package 520 and

the linear sensor arrays 525 may range between .150 millimeters as the minimum and .320

millimeters as the maximum. The typical distance may be .270 millimeters.

[0057] Accordingly, the scanner device includes sensor arrays that are positioned off-

axis or at variable distances from a shared lens. The scanner with this configuration may be

able to obtain object properties from several objects at the same time with small object

spacing between each object.

[0058] FIGs. 6-13 provide alternative configurations for optical components of the

scanner. These configurations may be used to efficiently detect object properties that include

size, images, label text, pixel, etc. Each of the configurations includes a sensor array that is

positioned to process an image of the object.



[0059] In one embodiment, the sensor array has multiple rows. It is a detector that

captures object properties, including several images for the objects on the conveyor belt. By

tilting the sensor arrays or adding special optical elements in front of the sensor array, the

optical path length between the imaging lens and the sensor array may be varied for each of

the rows of the sensor. A scanner with the appropriate configuration reads a barcode (e.g., E-

ISBN, ISBN, SSCC, or UPC) or a two dimensional code (PDF417, Maxicode, Datamatrix)

that is placed on moving objects that have different dimensions (e.g., the height of the

moving objects can vary). The scanner will obtain at least one row of in-focus images for

each of the objects transported by the conveyor belt.

[0060] In certain embodiments, an optical plate may be positioned between the sensor

array and the shared lens. The thickness of the optical plate can be different for each of the

rows of the sensor array. The thick segment of the optical plate can be used for focusing the

far-distance object onto the image plane (e.g., sensor array).

[0061] FIG. 6 is an optical diagram for an exemplary scanner 600 with a first

configuration in accordance with embodiments of the invention. The scanner 600 processes

objects 620 that are transported on conveyor belt 610. The scanner 600 includes a lens 630,

an optical plate 640, a sensor array 650, and object images 660.

[0062] The scanner 600 may obtain object properties from the several objects 620 on

the belt 610. In one embodiment, the scanner 600 obtains properties from three objects 620.

Each of the objects 620 may be processed by a different row of the sensor array. In some

embodiments, each of the rows produces different object properties.

[0063] The optical plate 640 may have variable thicknesses. In one embodiment,

each row of the sensor array 650 may correspond to a segment of the optical plate 640 with a

thickness that is different from another segment of the optical plate associated with adjacent

rows in the sensor array 650. The first thickness (e.g. .01 millimeters) of the optical plate 640



may be for the closest object 620 to the lens 630. The second thickness (e.g. .05 millimeters)

of the optical plate 640 is larger than the first thickness. This portion of the optical plate 640

may be for the second closest object 620 to the lens 630. The third thickness (e.g. .08

millimeters) of the optical plate 640 is larger than the first and second thicknesses. This

portion of the optical plate 640 may be for the third closest object 620 to the lens 630.

Accordingly, each row of the sensor array 650 may process different object properties from

the captured object images 660.

[0064] FIG. 7 is an optical diagram for an exemplary scanner 700 with a second

configuration in accordance with embodiments of the invention. The scanner 700 processes

objects 720 that are transported on conveyor belt 710. The scanner 700 includes a lens 730,

an optical plate 740, a sensor array 750, and object images 760.

[0065] The scanner 700 may obtain object properties from several objects 720 on the

belt 710. In one embodiment, the scanner 700 obtains properties from three objects 720.

Each of the objects 720 may be processed by a different row of the sensor array 750. In some

embodiments, each of the rows produces different object properties.

[0066] The optical plate 740 may have uniform thicknesses and variable refractive

indices. Alternatively, the optical plate 740 may have both non-uniform thicknesses and

variable refractive indices. In one embodiment, each row of the sensor array 750 may

correspond to an optical plate 740 with a refractive index that is different from other portions

of the optical plate 740 for adjacent rows in the sensor array 750. For instance, the optical

plate 740 may have three refractive indices (741-743). The first refractive index 741 (e.g.,

low refractive index 1.2-1.4) of the optical plate 740 may be for the closest object 720 to the

lens 730. The second refractive index 742 (e.g., medium refractive index 1.5-1.6) of the

optical plate 740 is larger than the first refractive index. This portion of the optical plate 740

may be for the second closest object 720 to the lens 730. The third refractive index 743 (e.g.,



high refractive index 1.6-2.0) is larger than the first and second refractive indices. This

portion of the optical plate 740 may be for the third closest object 720 to the lens. Each row

of the sensor array 750 may process different object properties from the captured object

images 760.

[0067] FIG. 8 is an optical diagram for an exemplary scanner 800 with a third

configuration in accordance with embodiments of the invention. The scanner 800 processes

objects 820 that are transported on conveyor belt 810. The scanner 800 includes a lens 830, a

sensor array 840, and object images 850.

[0068] The scanner 800 may obtain object properties from several objects 820 on the

belt 810. In one embodiment, the scanner 800 obtains properties from three objects 820.

Each of the objects 820 may be processed by a different row of the sensor array 840. In some

embodiments, each of the rows produces different object properties.

[0069] An optical plate is omitted in this configuration. In one embodiment, each

row of the sensor array 840 may be angled toward, or away from, the shared lens 830.

[0070] For instance, the sensor array 840 may have three rows that are angled away

from the lens 830. The first row of the sensor array 840 is the closest to the lens 830. The

second row of the sensor array 840 is the second closest to the lens 830. The third row of the

sensor array 840 is the third closest to the lens 830.

[0071] The first row of the sensor array (e.g., Row 1) may be for the furthest object

from the lens 830. The first row of the sensor array is the closest to the lens 830. The second

row of the sensor array (e.g., Row 2) may be for the second furthest object 820 from the lens

830. The third row of the sensor array (e.g., Row 3) may be for the third furthest object 820

from the lens 830. In some embodiments, each row may have a different angle to the normal

of the sensor array 840. Additionally, each row of the sensor array 840 may process different

object properties from the captured object images 850.



[0072] FIG. 9 is an optical diagram for an exemplary scanner 900 with a fourth

configuration in accordance with embodiments of the invention. The scanner 900 processes

objects 920 that are transported on conveyor belt 910. The scanner 900 includes a lens 930,

an optical plate 940, a sensor array 950, and object images 960.

[0073] The scanner 900 may obtain object properties from several objects 920 on the

belt 910. In one embodiment, the scanner 900 obtains properties from three objects 920.

Each of the objects 920 may be processed by a different row of the sensor array 950. In some

embodiments, each of the rows produces different object properties.

[0074] The optical plate 940 may have one or more lenses. Each lens may have a

different focal length. In one embodiment, each row of the sensor array may correspond to

an optical plate 940 with a focal length that is different from other portions of the optical

plate 940 for adjacent rows in the sensor array 950. For instance, the optical plate 940 may

have three lenses (941-943). The first lens 941 (e.g., small focal length 20 mm) may be for

the closest object 920 to the lens 930. The second lens 942 (e.g., medium focal length 40

mm) is has a focal length that is larger than the first focal length. This portion of the optical

plate 940 may be for the second closest object 920 to the lens 930. The third lens (e.g., high

focal length 80 mm) has a focal length that is larger than the first and second focal lengths.

This portion of the optical plate 940 may be for the third closest object 920 to the lens 930.

Each row of the sensor array 950 may process different object properties from the captured

object images 960, in certain embodiments of the invention.

[0075] FIG. 10 is an optical diagram for an exemplary scanner 1000 with a fifth

configuration in accordance with embodiments of the invention. The scanner 1000 includes a

lens 1010, mirrors 1020, and sensor array 1030. In an effort to reduce the size of the scanner

1000 one or more mirrors 1020 are used to direct the light to the sensor array 1030. The

mirrors 1020 reflect the light to the senor array 1030. The mirrors are positioned at a distance



needed to direct the light to the sensor array 1030. In one embodiment, the scanner uses two

mirrors to direct the light. The sensor array 1030 may consist of at least two rows of off-axis

linear sensors arrays. In certain embodiments, the linear sensor arrays may be positioned at

different heights on a substrate of the scanner 1000.

[0076] FIG. 11 is an optical diagram for an exemplary scanner 1100 with a sixth

configuration in accordance with embodiments of the invention. The scanner 1100 includes a

lens 1110 and sensor array 1120. In an effort to reduce the size of the scanner 1100 a

multifocal lens may direct the light to the sensor array 1120. The lens 1110 has two focal

lengths. A first portion of the lens 1110 has a first focal length. A second portion of the lens

has a second focal length. The sensor array 1120 may consist of at least two rows of off-axis

linear sensors arrays that correspond to the two portions of the lens 1110. The first portion of

the lens 1110 corresponds to a first row of the at least two rows. The second portion of the

lens 1110 corresponds to a second row of the at least two rows. In certain embodiments, each

linear sensor array of the sensor array 1120 may be positioned at different heights on a

substrate of the scanner 1100.

[0077] FIG. 12 is an optical diagram for an exemplary scanner 1200 with a seventh

configuration in accordance with embodiments of the invention. The scanner 1200 includes a

lens 1210 and sensor array 1220. In an effort to reduce the size of the scanner 1200, the

sensor array 1220 may include two or more linear sensor arrays that are off axis. A prismatic

transparent material 1230 with a predetermined refractive index may be positioned on at least

one of the two or more linear sensor arrays. The prismatic transparent material 1230 may

change the focalization of the light received by the at least one of the two or more linear

sensor arrays.

[0078] FIG. 13 is an optical diagram for an exemplary scanner 1300 with an eighth

configuration in accordance with embodiments of the invention. The scanner 1300 processes



objects 1320 that are transported on conveyor belt 1310. The scanner 1300 includes a lens

1330, an optical plate 1340, a sensor array 1350, and object images 1360.

[0079] The scanner 1300 may obtain object properties from several objects 1320 on

the belt 1310. In one embodiment, the scanner 1300 obtains properties from three objects.

Each of the objects 1320 may be processed by a different row of the sensor array 1350. In

some embodiments, each of the rows produces different object properties.

[0080] The optical plate 1340 may have one or more mirrors. Each mirror may have

a different angle. In one embodiment, each row of the sensor array 1350 may correspond to a

mirror of optical plate 1340 with an angle that is different from other mirrors 1340 of the

optical plate 1340 for adjacent rows in the sensor array 1350.

[0081] For instance, the optical plate 1340 may have three mirrors (1341-1343). The

first mirror 1341 (e.g., small angle from the normal of the optical plate 1340) may be for the

closest object 1320 to the lens 1330. The second angle for the second mirror 1342 (e.g.,

medium angle from the normal of the optical plate 1340) is larger than the first angle. This

portion of the optical plate 1340 may be for the second closest object 1320 to the lens 1330.

The third angle of the third mirror 1343 (e.g., large angle from the normal of the optical plate

1340) is larger than the first and second focal angles. This portion of the optical plate 1340

may be for the third closest object 1320 to the lens 1330. Each row of the sensor array 1350

may process different object properties from the captured object images 1360, in certain

embodiments of the invention.

[0082] With the above configuration, a compact scanner is provided that processes

objects on a conveyor belt. The compact canner generates objects properties that may be

used to read labels or barcodes on the top or sides of the object. A computer processor of the

scanner may execute a computer-implemented method for processing the objects.



[0083] FIG. 14 is a block diagram showing a method 1400 for processing objects in

accordance with embodiments of the invention. The method 1400 is initialized when the

conveyor belt system is powered on. In step 1402, one or more rows of a sensor array or an

area array sensor are activated as the objects are transported within a field of view of the

sensor array by the conveyor belt system. In some embodiments, the sensor array is tilted

toward or away from a common lens. At least one sensor in the sensor array may be an

object size sensor.

[0084] Optionally, an optical plate is positioned between the sensor array and the

common lens. In a first embodiment, the optical plate may have a variable thickness such

that different thicknesses correspond to different focus distances. In a second embodiment,

the optical plate has a variable refractive index such that every refractive index corresponds

to different focus distances and the optical plate has a uniform thickness. In a third

embodiment, the optical plate has a variable refractive index such that every refractive index

corresponds to different focus distances and the optical plate has a non-uniform thickness. In

a fourth embodiment, the optical plate is an array of mirrors that are angled between the

sensor array and the common lens such that an optical path between the common lens and

sensor array changes. In a fifth embodiment, the optical plate is an array of variable lenses

that focus at different distances.

[0085] In turn, at step 1404, the computer processor switches among several rows of

the sensor array to determine properties for the objects on the conveyor belt. At step 1406,

upon identifying the object properties, the computer processor generates images from the

object properties obtained from the sensor array. The computer processor may capture light

reflected by the objects and the conveyor belt to generate the object properties.

[0086] In some embodiments, the computer processor discards object properties that

are associated with images that are out of focus or below a specified resolution threshold.



The object properties from several of the rows of the sensor array are associated with images

that may be in focus. The object properties include pixels.

[0087] Accordingly, embodiments of the invention provide a compact scanner that

may be used to process object in a non-singulated flow on a conveyor belt. The scanner may

capture object properties for two or more objects at the same time. The scanner device

comprises a substrate and a plurality of sensors attached to the substrate. The plurality of

sensors forms an array of sensors having at least two or more rows of off-axis sensors. The

plurality of sensors includes linear sensors, line scan sensors, area array sensors, 2D sensors,

CCD sensors, or CMOS sensors. The array of sensors includes adjacent rows of sensors

having different orientations. The array of sensors includes adjacent rows of sensors having

different distances from a shared optical lens for the scanner device.

[0088] In one embodiment, the substrate may have a stair-shaped cross-section or an

L-shaped cross-section. The substrate is plastic or ceramic, in some embodiments. The

substrate may be tilted toward or away from the shared optical lens of the scanner. The

substrate may be a printed circuit board.

[0089] Accordingly, a conveyor belt system for processing objects is provided. The

conveyor belt system comprises at least one processor. The processor activates one or more

rows of a sensor array as the objects are transported within a field of view of the sensor array

by the conveyor belt system. The sensor array has a shared lens system in the conveyor belt

system. In turn, the computer processor may switch among several rows of the sensor array

to determine properties for the objects on the conveyor belt. In turn, images are generated by

the computer processor for the object properties obtained from the sensor array.

[0090] The conveyor system may include computer-readable media. The media

includes any available media that can be accessed by the sensor array or area array sensor to

store object properties. The computer-readable media includes both volatile and nonvolatile



media, and removable and non-removable media. By way of example, and not limitation,

computer-readable media may comprise computer storage media and communication media.

Computer storage media includes volatile and nonvolatile, removable and nonremovable

media implemented in any method or technology for storage of information such as

computer-readable instructions, data structures, program modules, or other data. Computer

storage media include, but is not limited to, RAM, ROM, EEPROM, flash memory or other

memory technology, CD-ROM, digital versatile disks (DVDs) or other optical disk storage,

magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices,

or any other medium, which can be used to store the desired information and which can be

accessed by the conveyor system.

[0091] Communication media may include any information delivery media, typically

embodied in computer-readable instructions, data structures, program modules, and/or may

include other data in a modulated data signal such as a carrier wave or other transport

mechanism. The term "modulated data signal" means a signal that has one or more of its

characteristics set or changed in such a manner as to encode information in the signal. By

way of example, and not limitation, communication media include wired media such as a

wired network or direct-wired connection, and wireless media such as acoustic, RF, infrared,

Wi-Fi, WiMAX, GSM, and other wireless media. Combinations of any of the above also

may be included within the scope of computer-readable media.

[0092] When operated in a networked environment, the conveyor system may

connect to one or more remote devices. The remote devices may include a personal

computer, a server, a router, a network PC, a cell phone, a peer device, or other common

network node, and typically includes many or all of the elements described above relative to

the conveyor system.



[0093] Embodiments of the invention may be described in the general context of

computer code or machine-useable instructions, including computer-executable instructions

such as program modules, being executed by a computer or other machine, such as a personal

data assistant or other handheld device. Generally, program modules including routines,

programs, objects, components, data structures, etc., and refer to code that performs particular

tasks or implements particular abstract data types. Embodiments of the invention may be

practiced in a variety of system configurations, including handheld devices, consumer

electronics, general-purpose computers, more specialty computing devices, etc.

Embodiments of the invention may also be practiced in distributed computing environments

where tasks are performed by remote-processing devices that are linked through a

communications network.

[0094] The computing device includes a bus that directly or indirectly couples the

following devices: memory, one or more processors, one or more presentation components,

input/output ports, input/output components, and an illustrative power supply. The bus

represents what may be one or more busses (such as an address bus, data bus, or combination

thereof).

[0095] The computing device includes one or more processors that read data from

various entities such as memory or I/O components. Presentation component(s) present data

indications to a user or other device. Exemplary presentation components include a display

device, speaker, printing component, vibrating component, etc. The I/O ports allow the

computing device to be logically coupled to other devices including the I/O components,

some of which may be built in. Illustrative components include a microphone, joystick, game

pad, satellite dish, scanner, printer, wireless device, etc.

[0096] Aspects of the subject matter described herein are operational with numerous

other general purpose or special purpose computing system environments or configurations.



Examples of well-known computing systems, environments, and/or configurations that may

be suitable for use with aspects of the subject matter described herein include, but are not

limited to, personal computers, server computers, handheld or laptop devices, multiprocessor

systems, microcontroller-based systems, set-top boxes, programmable consumer electronics,

network PCs, minicomputers, mainframe computers, distributed computing environments

that include any of the above systems or devices, and the like.

[0097] In some embodiments, the conveyor system has a processor that executes a

computer-implemented method for processing objects. The processor activates one or more

rows of an area array sensor as the objects are transported within a field of view of the area

array sensor by the conveyor belt system. The area array sensor has a shared lens system.

The area array sensor has several rows and random programmable region of interest (ROI)

readout. In turn, the processor sends instructions to the random programmable ROI readout

to switch among several rows of the area array sensor to determine properties for the objects

on the conveyor belt. The computer processor generates images from the object properties

obtained from the area array sensor.

[0098] When generating images from object properties, the computer processor may

discard object properties that are associated with images that are out of focus or below a

specified resolution threshold. The object properties from several of the rows of the area

array sensor are associated with images that are in focus. In one embodiment, object

properties from several of the rows of the area array sensor are associated with images of

object labels that are in focus. In other embodiments, the object properties include pixels.

[0099] To produce the object properties, the area array sensor processes light that

traverse the shared lens system. The light may refract to the area array sensor from an optical

plate that may configured in several way. In one configuration, an optical plate is positioned

between the sensor arrays and the common lens. The optical plate has a variable thickness



such that different thicknesses correspond to different focus distances. In another

configuration, the optical plate has a variable refractive index such that every refractive index

corresponds to different focus distances and the optical plate has uniform thickness or non¬

uniform thickness. In a further configuration, the optical plate is an array of mirrors that is

angled between the area array sensor and the common lens such that the optical path between

the common lens and area array sensor changes. In yet another configuration, the optical

plate is an array of variable lenses that focus at different distances, wherein the optical plate

is positioned between the area array sensor and the common lens. In some embodiment, the

optical plate is omitted and the area array sensor is tilted toward or away from the common

lens. At least one sensor in the area array sensor may be an object size sensor.

[00100] While the embodiments of the invention are susceptible to various

modifications and alternative constructions, certain illustrated embodiments thereof are

shown in the drawings and have been described above in detail. It should be understood,

however, that there is no intention to limit the invention to the specific forms disclosed, but

on the contrary, the intention is to cover all modifications, alternative constructions, and

equivalents falling within the spirit and scope of the embodiments of the invention.

[00101] The embodiments of the invention have been described in relation to a

particular exemplary conveyor system and scanner, which are intended in all respects to be

illustrative rather than restrictive. Alternative embodiments will become apparent to those of

ordinary skill in the art to which the invention pertains without departing from its scope.



CLAIMS
The technology claimed is:

1. A computer-implemented method executed by a conveyor belt system

for processing objects, the method comprising:

activating one or more rows of a sensor array as the objects are transported within a field of

view of the sensor array by the conveyor belt system, wherein the sensor array has a shared

lens system;

switching among several rows of the sensor array to determine properties for the objects on

the conveyor belt; and

generating images from the object properties obtained from the sensor array.

2. The computer-implemented method of claim 1, wherein generating

images from object properties further comprises:

discarding object properties that are associated with images that are out of focus or below a

specified resolution threshold.

3. The computer-implemented method of claim 1, wherein object

properties from several of the rows of the sensor array are associated with images that are in

focus.

4. The computer-implemented method of claim 1, wherein object

properties from several of the rows of the sensor array are associated with images of object

labels that are in focus.

5. The computer-implemented method of claim 1, wherein object

properties include pixels.

6. The computer-implemented method of claim 1, wherein light is

processed by the sensor arrays to generate the object properties.



7. The computer-implemented method of claim 1, wherein the sensor

arrays include one or more off-axis rows of sensors.

8. The computer-implemented method of claim 7, wherein an optical

plate is positioned between the sensor arrays and the common lens.

9. The computer-implemented method of claim 8, wherein the optical

plate has a variable thickness such that different thicknesses correspond to different focus

distances.

10. The computer-implemented method of claim 8, wherein the optical

plate has a variable refractive index such that every refractive index corresponds to different

focus distances and the optical plate has uniform thickness or non-uniform thickness.

11. The computer-implemented method of claim 8, wherein the sensor

array is tilted toward or away from the common lens.

12. The computer-implemented method of claim 8, wherein the optical

plate is an array of mirrors that are angled between the sensor array and the common lens

such that the optical path between the common lens and sensor array changes.

13. The computer-implemented method of claim 8, wherein the optical

plate is an array of variable lenses that focus at different distances, wherein the optical plate

is positioned between the sensor array and the common lens.

14. The computer-implemented method of claim 8, wherein at least one

sensor in the sensor array is an object size sensor.

A scanner device, the scanner device comprising:

a substrate; and



a plurality of sensors attached to the substrate, wherein the plurality of sensors forms an array
of sensors having at least two or more rows of off-axis sensors.

16. The scanner device of claim 15, wherein the plurality of sensors are

CCD sensors or CMOS sensors.

17. The scanner device of claim 15, wherein the array of sensors includes

adjacent rows of sensors having different orientations.

18. The scanner device of claim 15, wherein the array of sensors includes

adjacent rows of sensors having different distances from an optical lens for the scanner

device.

19. The scanner device of claim 15, wherein the substrate has a stair-

shaped cross-section or an L-shaped cross-section.

20. The scanner device of claim 15, wherein the substrate is plastic or

ceramic.

21. The scanner device of claim 15, wherein the substrate is tilted toward

or away from an optical lens of the scanner.

22. The scanner device of claim 15, wherein the substrate is a printed

circuit board.

23. A scanner device, the scanner device comprising:

a substrate; and

a plurality of packaged sensors on the substrate, each packaged sensor having at least one

linear array of sensing elements, wherein the linear array is positioned off-axis with respect to

a centerline of the packaged sensor, the centerline extending along a major dimension of the

packaged sensor.



24. A conveyor belt system for processing objects, the system comprising:

at least one processor that performs the following:

activates one or more rows of a sensor array as the objects are transported within a field of

view of the sensor array by the conveyor belt system, wherein the sensor array has a shared

lens system;

switches among several rows of the sensor array to determine properties for the objects on the

conveyor belt; and

generates images from the object properties obtained from the sensor array.

25. A computer-implemented method executed by a conveyor belt system

for processing objects, the method comprising:

activating one or more rows of an area array sensor as the objects are transported within a

field of view of the area array sensor by the conveyor belt system, wherein the area array

sensor has a shared lens system;

switching among several rows of the area array sensor to determine properties for the objects

on the conveyor belt; and

generating images from the object properties obtained from the area array sensor.
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