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(57) ABSTRACT 
A POS-based bar code symbol reading system reads barcode 
symbols on objects being passed through the 3D imaging or 
scanning Volume Supported by the system, and employs one 
or more object motion sensors (e.g. imaging based. IRPulse 
Doppler LIDAR-based, ultra-sonic energy based, etc.) to (i) 
measure or estimate the speed of objects being manually 
passed through the 3D imaging or scanning Volume by the 
system operator, and (ii) visually and/or audibly display 
object Scanning speed measures or estimates to provide the 
system operator with feedback for optimizing system 
throughput. The POS-based bar code symbol reading system 
has a performance advantage that leads to quicker customer 
checkout times and productivity gain that cannot be matched 
by the conventional bar code symbol scanning technology. 
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Prior to operating the POS-based Digital imaging Bar Code Symbol 
Reading System, acquire identification data on the system A 

operator, and store this identification data in the system memory of 
the POS-based System. 

Automatically acquire the speed/velocity of each object being 
manually moved through the 3D imaging volume of the POS-based 
System, and store the speed/velocity data in the system memory. 

Use the object speed or velocity data (e.g. averaged, weighted or 
discrete samples) for the object to adjust camera parameters (e.g. C 
image sensing array speed and/or illumination intensity level and/or 

duration) within the POS-based System. 

Capture and process digital images of each object moving through 
the 3D imaging volume of the POS-based System, in order to read D 
one or more code symbols graphically represented in the captured 

digital images. 

Display visually and/or audibly the detected scan speed of the 
object by the system operator to provide passing-through-speed 

(PTS) feedback to system operator. 
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Prior to operating the POS-based Digital imaging Bar Code Symbol 
reading System, acquire identification data on the system operator, A 
and store this identification data in the system memory of the POS 

based System. 

Automatically acquire the speed/velocity of each object being 
manually moved through the 3D imaging volume of the POS-based 
System, and store the speed/velocity data in the system memory. 

Use the object speed or velocity data (e.g. averaged, weighted or 
discrete samples) for the object to adjust camera parameters (e.g. C 
image sensing array speed and/or illumination intensity level and/or 

duration) within the POS-based System. 

Capture and process digital images of each object moving through 
the 3D imaging volume of the POS-based System, in order to read D 
one or more code symbols graphically represented in the captured 

digital images. 

Display visually and/or audibly the detected scan speed of the 
object by the System operator to provide passing-through-Speed 

(PTS) feedback to system operator. 

FIG. 4E 
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Prior to operating the POS-based Digital imaging Bar Code Symbol 
Reading System, acquire identification data on the system A 

operator, and store this identification data in the system memory of 
the POS-based System. 

Automatically acquire the speed/velocity of each object being 
manually moved through the 3D imaging volume of the POS-based 
System, and store the speed/velocity data in the system memory. 

Use the object speed or velocity data (e.g. averaged, weighted or 
discrete samples) for the object to adjust Camera parameters (e.g. C 
image sensing array speed and/or illumination intensity level and/or 

duration) within the POS-based System. 

Capture and process digital images of each object moving through 
the 3D imaging volume of the POS-based System, in order to read D 
one or more code symbols graphically represented in the captured 

digital images. 

Display visually and/or audibly the detected scan speed of the 
object by the system operator to provide passing-through-speed 

(PTS) feedback to system operator. 

F.G. 5E 
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Prior to operating the POS-based Laser-Scanning Bar Code 
Reading System, acquire identification data on the system A 

operator, and store this identification data in the system memory of 
the POS-based System. 

Automatically acquire the speed/velocity of each object being 
manually moved through the 3D scanning volume of the POS- B 
based System, and store the speed/velocity data in the system 

memory. 

Capture and process laser Scan data from each object moving C 
through the 3D scanning volume of the POS-based System, in 

order to read one or more code symbols. 

Display visually and/or audibly the detected scan speed of the 
object by the system operator to provide passing-through-speed 

(PTS) feedback to system operator. 

F.G. 6C 
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SYMBOL READING SYSTEM 

CROSS-REFERENCE TO PRIORITY 
APPLICATION 

0001. The present application is a continuation of U.S. 
patent application Ser. No. 12/966,330 for a Bar Code Sym 
bol Reading System Supporting Visual Or/And Audible Dis 
play of Product Scan Speed for Throughput Optimization in 
Point Of Sale (POS) Environments, filed Dec. 13, 2010 (and 
published Jun. 14, 2012 as U.S. Patent Application Publica 
tion No. 2012/0150589), now U.S. Pat. No. 8,448,863. Each 
of the foregoing patent application, patent publication, and 
patent is hereby incorporated by reference in its entirety. 

BACKGROUND 

0002 1. Field 
0003. The present disclosure relates generally to improve 
ments in methods of and apparatuses for reading bar code 
symbols in point-of-sale (POS) environments in ways which 
Support optimized cashier scanning and checkout operations 
and increased throughput performance. 
0004 2. Brief Description of the State of Knowledge in the 
Art 

0005. The use of bar code symbols for product and article 
identification is well known in the art. Presently, various types 
of bar code symbol scanners have been developed for reading 
bar code symbols at retail points of sale (POS). 
0006. In demanding retail environments, such as Super 
markets and high-volume department stores, where high 
check-out throughput is critical to achieving store profitabil 
ity and customersatisfaction, it is common to use laser scan 
ning bar code reading systems having both bottom and side 
scanning windows to enable highly aggressive scanner 
performance. In such systems, the cashier need only drag a 
bar coded product past these scanning windows for the bar 
code thereon to be automatically read with minimal assis 
tance from the cashier or checkout personal. Such dual scan 
ning window systems are typically referred to as “bioptical 
laser scanning systems as such systems employ two sets of 
optics disposed behind the bottom and side-scanning win 
dows thereof. Examples of polygon-based bioptical laser 
scanning systems are disclosed in U.S. Pat. Nos. 4.229,588; 
4,652,732 and 6,814,292; each incorporated herein by refer 
ence in its entirety. Commercial examples of bioptical laser 
scanners include: the PSC 8500-6-sided laser based scanning 
by PSC Inc.; PSC 8100/8200, 5-sided laser based scanning by 
PSC Inc.; the NCR 7876-6-sided laser based scanning by 
NCR; the NCR7872, 5-sided laser based scanning by NCR; 
the MS232x Stratos(R H, MS2122 Stratos(R E Stratos 6 sided 
laser based scanning systems by Metrologic Instruments, 
Inc.; and the MS2200 Stratos(RS 5-sided laser based scanning 
system by Metrologic Instruments, Inc. 
0007. In recent years, high-performance digital imaging 
based POS bar code symbol readers have been proposed for 
use in retail POS applications. Examples of such systems are 
disclosed in U.S. Pat. No. 7,540,424 B2 and U.S. Publication 
No. 2008-0283611 A1, both assigned to Metrologic Instru 
ments, Inc. 
0008. However, despite the many improvements in both 
laser scanning and digital imaging based bar code symbol 
readers over the years, there is still a great need in the art for 
improved POS-based bar code symbol reading systems 
which are capable of Supporting optimized cashier scanning 
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and checkout operations, and increased throughput perfor 
mance at POS stations, while avoiding the shortcomings and 
drawbacks of prior art systems and methodologies. 

OBJECTS AND SUMMARY 

0009. Accordingly, a primary object of the present disclo 
Sure is to provide improved bar code symbol reading systems 
for use in POS environments, which are free of the shortcom 
ings and drawbacks of prior art systems and methodologies. 
0010. Another object is to provide a POS-based bar code 
symbol reading system that is capable of visually and/or 
audibly displaying measures that are indicative of system 
performance (e.g. system throughput) which can be influ 
enced by the system operator. 
0011. Another object is to provide such a POS-based bar 
code symbol reading system that employs illumination and 
digital imaging technologies to capture digital images of 
objects transported through the 3D imaging Volume Sup 
ported by the system. 
0012 Another object is to provide such a POS-based bar 
code symbol reading system that employs high-speed laser 
scanning technologies to capture scan data of laser-scanned 
objects transported through the 3D scanning Volume Sup 
ported by the system. 
0013 Another object is to provide such a POS-based bar 
code symbol reading system, wherein one or more object 
motion sensors (e.g. imaging based, IR Pulse-Doppler 
LIDAR-based, ultra-Sonic energy based, etc.) are provided 
within the 3D scanning volume of the system, in various 
possible locations, for real-time measuring or estimating the 
speed of objects being manually moved through the 3D scan 
ning Volume by the cashier, so that measures indicative of 
system performance (e.g. system throughput) that can be 
influenced by the system operator, can be visually and/or 
audibly displayed to provided feedback to the cashier. 
0014) Another object is to provide a POS-based bar code 
reading system that Supports a POS Scanning optimization 
method addressing the needs of the Supermarket/hypermarket 
and grocery store market segment. 
(0015. Another object is to provide a POS-based bar code 
reading system having a performance advantage that leads to 
quicker customer checkout times and productivity gain. 
0016. Another object is to provide a high-performance bar 
code reading system that helps provide noticeable gains in 
worker productivity and checkout speed. 
0017. These and other objects will become apparent here 
inafter and in the Claims appended hereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. In order to more fully understand the Objects, the 
following Detailed Description of the Illustrative Embodi 
ments should be read in conjunction with the accompanying 
figure Drawings in which: 
0019 FIG. 1 is a perspective view of a retail point of sale 
(POS) station employing a first illustrative digital-imaging 
embodiment of the bar code symbol reading system, shown 
integrated with an electronic weight scale, an RFID reader 
and magnet-stripe card reader, and having thin, tablet-like 
form factor for compact mounting in the countertop Surface of 
the POS station; 
(0020 FIG. 2 is a first perspective view of the bar code 
symbol reading system shown removed from its POS envi 
ronment in FIG. 1, and provided with an imaging window 
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protection plate (mounted over a glass light transmission 
window) and having a central Xaperture pattern and a pair of 
parallel apertures aligned parallel to the sides of the system, 
for the projection of coplanar illumination and imaging 
planes from a complex of coplanar illumination and imaging 
stations mounted beneath the imaging window of the system; 
0021 FIG. 2A is a perspective view of the PTS informa 
tion display subsystem of the system of FIGS. 1 and 2: 
0022 FIG. 3A is a perspective view of a first illustrative 
embodiment of the POS-based bar code symbol reading sys 
tem, shown installed in the retail POS environment of FIG. 1, 
wherein each coplanar illuminating and linear imaging sta 
tion employs a linear array of VLDs or LEDs to generate a 
substantially planar illumination beam (PLIB) which is 
coplanar with the field of view of the linear (1D) image 
sensing array employed in the station, and wherein high 
speed imaging-based motion/velocity sensors (i.e. detectors) 
are deployed at the station for the purpose of (i) detecting 
whether or not an object is present within the FOV at any 
instant in time, and (ii) detecting the motion and Velocity of 
objects passing through the FOV of the linear image sensing 
array at the station, controlling camera parameters in real 
time, including the clock frequency of the linear image sens 
ing array, and (iii) automatically providing the system opera 
tor with visual and/or audio indication based feedback on the 
“pass-through-speed of objects transported through the 3D 
imaging Volume; 
0023 FIG. 3B is a block schematic representation of the 
system embodiment of FIG.3A, wherein a complex of copla 
nar illuminating and linear imaging stations Support (i) auto 
matic image formation and capture along each coplanar illu 
mination and imaging plane within the 3D imaging Volume, 
(ii) imaging-based object motion/velocity sensing and intel 
ligent automatic illumination control within the 3D imaging 
Volume, and (iii) automatic display of object scanning speed/ 
Velocity measures or estimates to provide the system operator 
with feedback in order to optimize scanning throughput; 
0024 FIG. 3C is a block schematic representation of one 
of the coplanar illumination and imaging stations employed 
in the system embodiment of FIG. 3B, showing its planar 
illumination array (PLIA), its linear image formation and 
detection Subsystem, its image capturing and buffering Sub 
system, its high-speed imaging based object motion/velocity 
detecting (i.e. sensing) Subsystem, and its local control Sub 
system; 
0025 FIG. 3D is a schematic diagram describing an exem 
plary embodiment of a computing and memory architecture 
platform for implementing the digital image capture and pro 
cessing system described in FIGS. 3A, 3B and 3C: 
0026 FIG.3E is a flow chart setting forth the major steps 
in the POS scanning optimization method supported by the 
system of first illustrative embodiment, involving the steps of 
(i) acquiring identification information on the system opera 
tor (i.e. cashier), (ii) automatically acquiring/capturing and 
storing the speed/velocity of each object being manually 
transported through the 3D imaging Volume of the system, 
(iii) using the object speed/velocity data to adjust camera 
parameters (e.g. image sensing array speed, and/or illumina 
tion intensity level and/or duration) within the system, (iv) 
capturing and processing digital images of the object in order 
to read one or more code symbols graphically represented in 
the captured digital images, and (V) visually and/or audibly 
displaying the detected Scan speed of objects by the system 
operator, to provide passing-through-speed (PTS) feedback 
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to the system operator, and thereby optimizing scanner 
checkout speed and POS throughput; 
0027 FIG. 4A is a perspective view of a second illustrative 
embodiment of the POS-based bar code symbol reading sys 
tem, shown installed in the retail POS environment of FIG. 1, 
wherein each coplanar illuminating and linear imaging sta 
tion employs a linear array of VLDs or LEDs to generate a 
substantially planar illumination beam (PLIB) which is 
coplanar with the field of view of the linear (1D) image 
sensing array employed in the station, and wherein multiple 
high-speed IR Pulse-Doppler LIDAR based motion/velocity 
sensors are deployed at the station, for the purpose of (i) 
detecting whether or not an object is present within the FOV 
at any instant in time, and (ii) detecting the motion and Veloc 
ity of objects passing through the FOV of the linear image 
sensing array, controlling camera parameters in real-time, 
including the clock frequency of the linear image sensing 
array, and (iii) automatically providing the system operator 
with visual and/or audio indication based feedback on the 
speed of objects transported through the 3D imaging Volume; 
0028 FIG. 4B is a block schematic representation of the 
system embodiment of FIG.4, whereina complex of coplanar 
illuminating andlinear imaging stations Support (i) automatic 
image formation and capture along each coplanar illumina 
tion and imaging plane within the 3D imaging Volume, (ii) 
imaging-based object motion/velocity sensing and intelligent 
automatic illumination control within the 3D imaging Vol 
ume, and (iii) automatic display of object scanning speed/ 
Velocity measures or estimates to provide the system operator 
with feedback in order to optimize scanning throughput; 
0029 FIG. 4C is a block schematic representation of one 
of the coplanar illumination and imaging stations employed 
in the system embodiment of FIG. 4B, showing its planar 
illumination array (PLIA), its linear image formation and 
detection Subsystem, its image capturing and buffering Sub 
system, its high-speed IRPulse-Doppler LIDAR based object 
motion/velocity detecting (i.e. sensing) Subsystem, and its 
local control Subsystem; 
0030 FIG. 4D is a schematic diagram describing an exem 
plary embodiment of a computing and memory architecture 
platform for implementing the digital image capture and pro 
cessing system described in FIGS. 4A, 4B and 4C: 
0031 FIG. 4E is a flow chart setting forth the major steps 
of the POS scanning optimization method supported by the 
digital-imaging based barcode symbol reading system shown 
in FIGS. 4A and 4B, involving the steps of (i) acquiring 
identification information on the system operator (i.e. cash 
ier), (ii) automatically acquiring/capturing and storing the 
speed/velocity of each object being manually transported 
through the 3D imaging Volume of the system, (iii) using the 
object speed/velocity data to adjust camera parameters (e.g. 
image sensing array speed, and/or illumination intensity level 
and/or duration) within the system, (iv) capturing and pro 
cessing digital images for the object in order to read one or 
more code symbols graphically represented in the captured 
digital images, and (V) visually and/or audibly displaying the 
detected Scan speed of objects by the system operator, to 
provide passing-through-speed (PTS) feedback to the system 
operator, and thereby optimizing scanner checkout speed and 
POS throughput; 
0032 FIG. 5A is a perspective view of a third illustrative 
embodiment of the POS-based bar code symbol reading sys 
tem, shown installed in the retail POS environment of FIG. 1, 
wherein each coplanar illumination and imaging Subsystem 
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employs (i) a linear array of VLDs or LEDs for generating a 
substantially planar illumination beam (PLIB) that is copla 
nar with the field of view of its linear (1D) image sensing 
array, and wherein a plurality of globally-controlled high 
speed imaging-based motion/velocity Subsystems are 
deployed across the system, for the purpose of (i) detecting 
whether or not an object is present within the FOV at any 
instant in time, and (ii) detecting the motion and Velocity of 
objects passing through the FOV of the linear image sensing 
array, controlling camera parameters in real-time, including 
the clock frequency of the linear image sensing array, and (iii) 
automatically providing the system operator with visual and/ 
or audio indication based feedback on the speed of objects 
transported through the 3D imaging Volume; 
0033 FIG. 5B is a block schematic representation of the 
system embodiment of FIG.5A, wherein a complex of copla 
nar illuminating and linear imaging stations Support (i) auto 
matic image formation and capture along each coplanar illu 
mination and imaging plane within the 3D imaging Volume, 
(ii) imaging-based object motion/velocity sensing and intel 
ligent automatic illumination control within the 3D imaging 
Volume, and (iii) automatic display of object scanning speed/ 
Velocity measures or estimates to provide the system operator 
with feedback in order to optimize scanning throughput; 
0034 FIG. 5C is a block schematic representation of one 
of the coplanar illumination and imaging stations employed 
in the system embodiment of FIG. 5A, showing in greater 
detail its imaging-based object motion/velocity detection 
subsystem and how it cooperates with the local control sub 
system, the planar illumination array (PLIA), and the linear 
image formation and detection Subsystem; 
0035 FIG.5D is a schematic diagram describing an exem 
plary embodiment of a computing and memory architecture 
platform for implementing the digital image capture and pro 
cessing system described in FIGS.5A, 5B and 5C: 
0036 FIG. 5E is a flow chart setting forth the major steps 
of the POS scanning optimization method supported by the 
digital-imaging based barcode symbol reading system shown 
in FIGS. 5A and 5B, involving the steps of (i) acquiring 
identification information on the system operator (i.e. cash 
ier), (ii) automatically acquiring/capturing and storing the 
speed/velocity of each object being manually transported 
through the 3D imaging Volume of the system, (iii) using the 
object speed/velocity data to adjust camera parameters (e.g. 
image sensing array speed, and/or illumination intensity level 
and/or duration) within the system, (iv) capturing and pro 
cessing digital images of the object in order to read one or 
more code symbols graphically represented in the captured 
digital images, and (V) visually and/or audibly displaying the 
detected Scan speed of objects by the system operator, to 
provide passing-through-speed (PTS) feedback to the system 
operator, and thereby optimizing scanner checkout speed and 
POS throughput; 
0037 FIG. 6A is a perspective view of a fourth illustrative 
embodiment of the POS-based bar code symbol reading sys 
tem, shown installed in the retail POS environment of FIG. 1, 
wherein a pair of laser Scanning Subsystems are employed, 
and each being equipped with a laser Scanning mechanism 
and array of beam forming mirrors for generating omni 
directional laser Scanning patterns that are projected through 
horizontal or vertical scanning windows of the system hous 
ing, and wherein a IR-based motion/velocity Subsystem is 
deployed on opposite sides of the horizontal scanning win 
dow, for the purpose of (i) detecting whether or not an object 
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is present within the FOV at any instant in time, and (ii) 
detecting the motion and Velocity of objects passing through 
the FOV of the linear image sensing array, controlling camera 
parameters in real-time, including the clock frequency of the 
linear image sensing array, and (iii) automatically providing 
the system operator with visual and/or audio indication based 
feedback on the speed of objects transported through the 3D 
imaging Volume; 
0038 FIG. 6B is a block schematic representation of the 
system embodiment of FIG. 6A, wherein its pair of laser 
scanning stations Support (i) automatic laser scanning of bar 
code symbols along a complex of Scanning planes passing 
through the 3D scanning volume of the system, (ii) IR-based 
object motion/velocity sensing of objects passing through the 
3D scanning Volume, and (iii) automatic display of object 
scanning speed/velocity measures or estimates to provide the 
system operator with feedback in order to optimize scanning 
throughput, and 
0039 FIG. 6C is a flow chart setting forth the major steps 
of the POS scanning optimization method supported by the 
laser Scanning based bar code symbol reading system shown 
in FIGS. 6A and 6B, involving the steps of (i) acquiring 
identification information on the system operator (i.e. cash 
ier), (ii) automatically acquiring/capturing and stores the 
speed/velocity of each object being manually transported 
through the 3D scanning Volume of the system, (iii) capturing 
and processing laser scan data signals collected from laser 
beam Scanned objects in order to read one or more code 
symbols represented in the collected scan data signals, and 
(iv) visually and/or audibly displaying the detected Scan 
speed of objects by the system operator, to provide visual 
and/or audible passing-through-speed (PTS) feedback to the 
system operator, and thereby optimizing scanner checkout 
speed and POS throughput. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS 

0040. Referring to the figures in the accompanying Draw 
ings, the various illustrative embodiments of the apparatus 
and methodologies will be described in great detail, wherein 
like elements will be indicated using like reference numerals. 
0041 Digital-imaging and laser-scanning based bar code 
symbol reading systems are disclosed, employing real-time 
object Scanning speed measurement and display feedback 
capabilities. 
0042. In particular, FIGS. 2 through 5E show several illus 
trative embodiments of digital-imaging based bar code sym 
bol reading systems 10A, 10B, and 10C employing different 
techniques for real-time object Scanning speed measurement 
through the 3D imaging volume of the system. Also, FIGS. 
6A through 6C show an illustrative embodiment of a laser 
scanning based barcode symbol reading system 10D employ 
ing an illustrative technique for real-time object scanning 
speed measurement through the imaging 3D imaging Volume 
of the system. 
0043. In general, each of these bar code symbol reading 
systems 10A through 10D can be installed in a point of sale 
(POS) environment (i.e. station) as shown in FIG. 1, having a 
countertop-surface in which or on which the bar code symbol 
reading system 10A, (10B, 10C, 10D) can be installed and 
connected to a PC-based host system and/or information pro 
cessing server 33 and other input/output devices as shown and 
described in greater detail below. 
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0044. In the illustrative embodiments, each bar code sym 
bol reading system is equipped with object Scanning speed 
display and feedback capabilities, Supported at a retail point 
of sale (POS) station 1, as shown in FIG. 1. 
0045. In general, there are many different ways to mea 
Sure, in real-time, the Velocity or speed of objects (i.e. con 
Sumer products) being manually scanned through the 3D 
imaging Volume of the system 10 for the purpose of display 
ing object scanning speed through the system and providing 
“system throughput feedback” to the system operator and 
optimizing system throughput and cashier scanning perfor 
aCC. 

0046 Various techniques are illustrated throughout the 
figure drawings. 
0047 For example, in the illustrative embodiment shown 
in FIGS. 2 through 3E the system employs imaging-based 
object motion and Velocity sensing technology practiced at 
the local subsystem level. 
0.048. In the illustrative embodiment shown in FIGS. 4 
through 4E, the system employs IR Pulse-Doppler LIDAR 
based object motion and Velocity detection techniques prac 
ticed at a local subsystem level. 
0049. In the illustrative embodiment shown in FIGS. 5 
through 5E, the system employs imaging-based object 
motion/velocity detection techniques practiced at the global 
system level. 
0050. In the illustrative embodiment shown in FIGS. 6 
through 6C, the system employs IR-based object motion and 
Velocity detection techniques practiced at a global system 
level. 
0051. By continuously collecting or receiving updated 
motion and Velocity/speed data regarding objects moved 
through or presented within the 3-D imaging or scanning 
Volume of the system, the system can automatically display 
object scanning speed/velocity to provide the system operator 
with pass-through-feedback in an effort to optimize scanning 
throughput. 
0052 Such collected pass-through speed data for a par 

ticular system operator (i.e. cashier or sales clerk) can be 
displayed in real-time to train the system operator to achieve 
higher levels of checkout performance. Also, collected pass 
through-speed data for any given system operator can be 
stored in a local or centralized relational database manage 
ment system (RDBMS) and made accessible to managers 
using remote client machines over communications networks 
(e.g. Internet) for review and analysis with or within remote 
management Software. 
0053. It is appropriate at this juncture to now describe the 
various illustrative embodiments in greater technical detail. 

First Illustrative Embodiment of the Bar Code Symbol 
Reading System Employing Imaging-Based Object Motion 
and Velocity Sensing Technology 

0054 As shown in FIGS. 2 and 3A, the bar code symbol 
reading system of the first illustrative embodiment 10A 
includes a system housing having an optically transparent 
(glass) imaging window 13, preferably covered by an imag 
ing window protection plate 17 which is provided with a 
pattern of apertures 18. These apertures permit the projection 
of a plurality of coplanar illumination and imaging planes 
from the complex of coplanar illumination and imaging sta 
tions 15A through 15F. 
0055 As shown in the system diagram of FIG.3B, system 
10 generally comprises: a complex of coplanar illuminating 
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and linear imaging stations (15A through 15F), each con 
structed using the illumination arrays and linear image sens 
ing array technology; an multi-processor multi-channel 
image processing Subsystem 20 for Supporting automatic 
image processing based bar code symbol reading and optical 
character recognition (OCR) along each coplanar illumina 
tion and imaging plane, and corresponding data channel 
within the system; a software-based object recognition Sub 
system 21, for use in cooperation with the image processing 
Subsystem 20, and automatically recognizing objects (such as 
vegetables and fruit) at the retail POS while being imaged by 
the system; an electronic weight scale module 22 employing 
one or more load cells positioned centrally below the sys 
tem's structurally rigid platform, for bearing and measuring 
substantially all of the weight of objects positioned on the 
window 13 or window protection plate 17, and generating 
electronic data representative of the measured weight of Such 
objects; an input/output subsystem 25 for interfacing with the 
image processing Subsystem 20, the electronic weight scale 
22, RFID reader 26, credit-card reader 27, Electronic Article 
Surveillance (EAS) Subsystem 28 (including a Sensor 
matic(R) EAS tag deactivation block 29 integrated in system, 
and an audible/visual information display Subsystem (i.e. 
module) 300 for visually and/or audibly displaying indica 
tions (e.g. measures or estimates) of product scanning speed/ 
velocity in real-time at the POS station, and/or (ii) measures 
of system performance, Such as checkout throughput, to assist 
the cashier in optimizing scanning and checkout speed, and 
thus improve worker productivity. 
0056. The primary function of each coplanar illumination 
and imaging station in the bar code symbol reading system 
10A, indicated by reference numeral 15, is to capture digital 
linear (1D) or narrow-area images along the field of view 
(FOV) of its coplanar illumination and imaging planes using 
laser or LED-based illumination, depending on the system 
design. These captured digital images are then buffered, and 
decode-processed using linear (1D) type image capturing and 
processing based bar code reading algorithms, or can be 
assembled together and buffered to reconstruct2D images for 
decode-processing using 1D/2D image processing based bar 
code reading techniques, as taught in Applicants’ U.S. Pat. 
No. 7,028,899 B2, incorporated herein by reference. Also, the 
complex of coplanar and/or coextensive illuminating and 
imaging stations 15A through 15F, can be constructed using 
(i) VLD-based and/or LED-based illumination arrays and 
linear and/area type image sensing arrays, and (ii) real-time 
object motion/velocity detection technology embedded 
within the system architecture. The resulting system 10 
enables: (1) intelligent automatic illumination control within 
the 3D imaging Volume of the system; (2) automatic image 
formation and capture along each coplanar illumination and 
imaging plane therewithin; (3) real-time display of object/ 
product scanning speed at the POS station to assist the cashier 
in optimizing scanning and checkout speed, and thus improve 
worker productivity; and (4) advanced automatic image pro 
cessing operations Supporting diverse kinds of value-added 
information-based services delivered in diverse end-user 
environments, including retail POS environments as well as 
industrial environments. 

0057. In general, each coplanar illumination and imaging 
station 15 is able to automatically change its state of operation 
from Object Motion and Velocity Detection to Bar Code 
Reading in response to automated detection of an object with 
at least a portion of the FOV of its coplanar illumination and 
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imaging plane. By virtue of this feature, each coplanar illu 
mination and imaging station in the system is able to auto 
matically and intelligently direct LED or VLD illumination at 
an object only when and for so long as the object is detected 
within the FOV of its coplanar illumination and imaging 
plane. This intelligent capacity for local illumination control 
maximizes illumination being directed towards objects to be 
imaged, and minimizes illumination being directed towards 
consumers or the system operator during system operation in 
retail store environments, in particular. 
0058. In order to support automated object recognition 
functions (e.g. vegetable and fruit recognition) at the POS 
environment, image capturing and processing based object 
recognition Subsystem 21 (i.e. including Object Libraries 
etc.) cooperates with the multi-channel image processing 
Subsystem 20 so as to (i) manage and process the multiple 
channels of digital image frame data generated by the copla 
nar illumination and imaging stations 15, (ii) extract object 
features from processed digital images, and (iii) automati 
cally recognize objects at the POS station which are repre 
sented in the Object Libraries of the object recognition sub 
system 21. 
0059 While laser illumination (e.g. VLD) sources have 
many advantages for generating coplanar laser illumination 
planes for use in the image capture and processing systems 
(i.e. excellent power density and focusing characteristics), it 
is understood that speckle-pattern noise reduction measures 
will need to be practiced in most applications. In connection 
therewith, the advanced speckle-pattern noise mitigation 
methods and apparatus disclosed in Applicants’ U.S. Pat. No. 
7,028,899 B2, incorporated herein by reference in its entirety 
as if fully set forth herein, can be used to substantially reduce 
speckle-noise power in digital imaging systems employing 
coherent illumination sources. 

0060. In contrast, LED-based illumination sources can 
also be used to generate planar illumination beams (planes) 
for use in the image capture and processing systems. Lacking 
high temporal and spatial coherence properties, the primary 
advantage associated with LED technology is lack of speckle 
pattern noise. Some significant disadvantages with LED tech 
nology are the inherent limitations in focusing characteris 
tics, and power density generation. Many of these limitations 
can be addressed in conventional ways to make LED arrays 
Suitable for use in the digital image capture and processing 
systems and methods. 
0061. In some embodiments, it may be desired to use both 
VLD and LED based sources of illumination to provide 
hybrid forms of illumination within the imaging-based bar 
code symbol reading systems. 
0062. In FIG. 6B, the bar code symbol reading module 
employed along each channel of the multi-channel image 
processing subsystem 20 can be realized using SwiftDe 
coderR) Image Processing Based Bar Code Reading Software 
from Omniplanar Corporation, New Jersey, or any other suit 
able image processing based barcode reading Software. Also, 
the system provides full Support for (i) dynamically and adap 
tively controlling system control parameters in the digital 
image capture and processing system, as disclosed and taught 
in Applicants’ U.S. Pat. Nos. 7,607,581 and 7.464,877 as well 
as (ii) permitting modification and/or extension of system 
features and function, as disclosed and taught in U.S. Pat. No. 
7,708.205, each said patent being incorporated herein by 
reference. 
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0063. As shown in FIG. 3C, an array of VLDs or LEDS 
can be focused with beam shaping and collimating optics So 
as to concentrate their output power into a thin illumination 
plane which spatially coincides exactly with the field of view 
of the imaging optics of the coplanar illumination and imag 
ing station, so very little light energy is wasted. Each Substan 
tially planar illumination beam (PLIB) can be generated from 
a planar illumination array (PLIA) formed by a plurality of 
planar illumination modules (PLIMs) using either VLDs or 
LEDs and associated beam shaping and focusing optics, 
taught in greater technical detail in Applicants U.S. Pat. Nos. 
6,898,184, and 7.490.774, each incorporated herein by refer 
ence in its entirety. Preferably, each planar illumination beam 
(PLIB) generated from a PLIM in a PLIA is focused so that 
the minimum width thereofoccurs at a point or plane which is 
the farthest object (or working) distance at which the system 
is designed to capture images within the 3D imaging Volume 
of the system, although this principle can be relaxed in par 
ticular applications to achieve other design objectives. 
0064. As shown in FIGS. 3B and 3C, each coplanar illu 
mination and imaging station 15 employed in the system of 
FIGS. 2 and 3A comprises: an illumination subsystem 44 
including a linear array of VLDs or LEDs 45 and associated 
focusing and cylindrical beam shaping optics (i.e. planar 
illumination arrays PLIAS), for generating a planar illumina 
tion beam (PLIB) 61 from the station; a linear image forma 
tion and detection (IFD) Subsystem 40 having a camera con 
troller interface (e.g. realized as a field programmable gate 
array or FPGA) for interfacing with the local control Sub 
system 50, and a high-resolution linear image sensing array 
41 with optics 42 providing a field of view (FOV) 43 on the 
image sensing array that is coplanar with the PLIB produced 
by the linear illumination array 45, so as to form and detect 
linear digital images of objects within the FOV of the system; 
a local control subsystem 50 for locally controlling the opera 
tion of Subcomponents within the station, in response to con 
trol signals generated by global control Subsystem 37 main 
tained at the system level, shown in FIG. 3B; an image 
capturing and buffering Subsystem 48 for capturing linear 
digital images with the linear image sensing array 41 and 
buffering these linear images in buffer memory so as to form 
2D digital images for transfer to image-processing Subsystem 
20 maintained at the system level, as shown in FIG. 3B, and 
Subsequent image processing according to bar code symbol 
decoding algorithms, OCR algorithms, and/or object recog 
nition processes; a high-speed image capturing and process 
ing based motion/velocity sensing Subsystem 49 for motion 
and velocity data to the local control subsystem 50 for pro 
cessing and automatic generation of control data that is used 
to control the illumination and exposure parameters of the 
linear image formation and detection system within the sta 
tion. Details regarding the design and construction of planar 
illumination and imaging module (PLIMs) can be found in 
Applicants’ U.S. Pat. No. 7,028,899 B2, incorporated herein 
by reference. 
0065. In an illustrative embodiment, the high-speed image 
capturing and processing based motion/velocity sensing Sub 
system 49 may comprise the following components: an area 
type image acquisition Subsystem with an area-type image 
sensing array and optics for generating a field of view (FOV) 
that is preferably spatially coextensive with the longer dimen 
sions of the FOV 43 of the linear image formation and detec 
tion subsystem 40; an area-type (IR) illumination array for 
illuminating the FOV of motion/velocity detection subsystem 



US 2013/0270346 A1 

49; and an embedded digital signal processing (DSP) image 
processor, for automatically processing 2D images captured 
by the digital image acquisition Subsystem. The DSP image 
processor processes captured images so as to automatically 
abstract, in real-time, motion and Velocity data from the pro 
cessed images and provide this motion and Velocity data to 
the local control subsystem 50 for the processing and auto 
matic generation of control data that is used to control the 
illumination and exposure parameters of the linear image 
formation and detection system within the station. 
0066. In the illustrative embodiment shown in FIGS. 2 
through 3C, each image capturing and processing based 
motion/velocity sensing Subsystem 49 continuously and 
automatically computes the motion and Velocity of objects 
passing through the planar FOV of the station, and uses this 
data to generate control signals that set the frequency of the 
clock signal used to read out data from the linear image 
sensing array 41 employed in the linear image formation and 
detection subsystem 40 of the system. The versions of the 
image capturing and processing based motion/velocity sens 
ing subsystem 49 are schematically illustrated in U.S. Pat. 
No. 7,540,424, incorporated herein by reference. 
0067. The image capturing and processing based motion/ 
velocity detection subsystem 49 employs either a linear-type 
or area-type of image sensing array to capture images of 
objects passing through the FOV of the image formation and 
detection subsystem. Then, DSP-based image processor 
computes motion and Velocity data regarding object(s) within 
the FOV of the linear image formation and detection (IFD) 
Subsystem 40, and this motion and Velocity data is then pro 
vided to the local subsystem controller 50 so that it can 
generate (i.e. compute) control data for controlling the fre 
quency of the clock signal used in reading data out of the 
linear image sensing array of the image formation and detec 
tion Subsystem. The frequency control algorithm described in 
U.S. Pat. No. 7,540,424, supra, can be used to control the 
clock frequency of the linear image sensing array 41 
employed in the IFD subsystem 40 of the system. 
0068. When any one of the coplanar illumination and 
imaging stations is configured in its Object Motion/Velocity 
Detection State, there is the need to illuminate to control the 
illumination that is incident upon the image sensing array 
employed within the object motion/velocity detector sub 
system 49. In general, there are several ways to illuminate 
objects during the object motion/detection mode (e.g. ambi 
ent, laser, LED-based), and various illumination parameters 
can be controlled while illuminating objects being imaged by 
the image sensing array 41 of the object motion/velocity 
detection Subsystem 49 employed at any station in the system. 
Also, given aparticular kind of illumination employed during 
the Object Motion/Velocity Detection Mode, there are vari 
ous illumination parameters that can be controlled, namely: 
illumination intensity (e.g. low-power, half-power, full 
power); illumination beam width (e.g. narrow beam width, 
wide beam width); and illumination beam thickness (e.g. 
Small beam thickness, large beam thickness). Based on these 
illumination control parameters, several different illumina 
tion control methods can be implemented at each illumination 
and imaging station in the system. Such methods are dis 
closed on detail in U.S. Pat. No. 7,540,424 and U.S. Publica 
tion No. 20080283611 A1, supra. 
0069 FIG. 3D describes an exemplary embodiment of a 
computing and memory architecture platform that can be 
used to implement the omni-directional image capturing and 
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processing based bar code symbol reading system described 
in FIGS. 3 and 3C. As shown, this hardware computing and 
memory platform can be realized on a single PC board 58, 
along with the electro-optics associated with the illumination 
and imaging stations and other Subsystems, and therefore 
functioning as an optical bench as well. As shown, the hard 
ware platform comprises: at least one, but preferably multiple 
high speed dual core microprocessors, to provide a multi 
processor architecture having high bandwidth video-inter 
faces and video memory and processing Support; an FPGA 
(e.g. Spartan 3) for managing the digital image streams Sup 
plied by the plurality of digital image capturing and buffering 
channels, each of which is driven by a coplanar illumination 
and imaging station (e.g. linear CCD or CMOS image sensing 
array, image formation optics, etc) in the system; a robust 
multi-tier memory architecture including DRAM, Flash 
Memory, SRAM and even a hard-drive persistence memory 
in some applications; arrays of VLDS and/or LEDs, associ 
ated beam shaping and collimating/focusing optics; and ana 
log and digital circuitry for realizing the illumination Sub 
system; interface board with microprocessors and 
connectors; power Supply and distribution circuitry; as well 
as circuitry for implementing the others Subsystems 
employed in the system. 
(0070 Referring to FIG. 3E, a preferred method of POS 
scanning optimization method, Supported by the system of 
the first illustrative embodiment 10A, will now be described 
in detail. 

(0071. As indicated at Block A in FIG.3E, the first step of 
the method involves, prior to system operation, acquiring 
identification data on the system operator (e.g. cashier or 
sales clerk) and then storing this identification information 
data in the system memory of the system. Such identification 
information may include one or more of the following items: 
the system operator's name; employee identification number; 
etc. 

(0072. As indicated at Block B in FIG.3E, the second step 
of the method involves automatically acquiring the speed/ 
velocity of each object being manually moved through the 3D 
imaging Volume of the system, and storing the acquired 
speed/velocity data in System memory. 
(0073. As indicated at Block C, the third step of the method 
involves using the object speed or Velocity data (e.g. aver 
aged, weighed or discrete samples) to adjust camera param 
eters (e.g. image sensing array speed, illumination duration 
and/or intensity, etc) within the system. 
0074 As indicated at Block D, the fourth step of the 
method involves capturing and processing digital images of 
each object moved through the 3D imaging Volume of the 
system, in order to read one or more code symbols graphically 
represented in the captured digital images. 
(0075. As indicated at Block E, the fifth step of the method 
involves using the PTS information display subsystem 300 to 
visually and/or acoustically display, during system operation, 
the detected object scan speed associated with the identified 
system operator, for the purpose of providing the system 
operator with a useful measure of pass-through-speed (PTS) 
feedback during product scanning and checkout operations 
conducted at the POS station. 

0076. In general, there are many different ways in which to 
display indications of detected object scan speed (i.e. PTS) 
that is associated with an identified system operator. How 
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Such measures and indications are displayed depends on the 
type of PTS information display subsystem 300 deployed at 
the POS system. 
0077. In the event that the PTS information display sub 
system 300 in system 10A supports the numerical display of 
PTS values at the POS station, then a preferred way of dis 
playing pass through speed (PTS) would be to visually dis 
play a numerical figure corresponding to (i) the actually mea 
Sured (near instantaneous) product scan speed divided by (ii) 
the maximal product scan speed that can be achieved by the 
system, as determined either empirically or theoretically. 
This way the displayed figure can represent a normalized 
value of maximum possible product scan speed that might be 
achieved at a given POS station, i.e. displayed percentage % 
of the maximal speed achievable by the system. In such 
instances, there is no need for the PTS information display 
Subsystem to display the units of measure because the com 
puted measure will be dimensionless, i.e. a percentage value 
of maximum possible speed. Notably, the maximum or opti 
mal product scan speed that can be achieved at a given POS 
station can be measured empirically through field testing, or 
determined through theoretical calculation. 
0078. In alternative embodiments of the PTS information 
display subsystem 300, the normalizing value used to com 
pute the PTS figure to be displayed can be an average of the 
product scanning speed values that have been monitored and 
recorded for the particular system operator in question, overa 
given period of time, so that the displayed PTS figure is 
normalized by the system operator by the system operators 
recent average product scan speed. Of course there are other 
ways to compute the PTS values to be numerically displayed 
at the POS station. 

0079. In the event that the PTS information display sub 
system 300 supports the display of a bar or line graph type of 
visual display at the POS station using LED 301 and/or LCD 
display 302, then there are a variety of different ways to 
visually display PTS values. For example, consider the case 
of visually displaying three different ranges of PTS using the 
visible LED array 301 shown in FIG. 2A, namely: (i) when 
the PTS is too SLOW. one or more LEDs of a particular color 
(e.g. YELLOW) are driven to illuminated YELLOW light, or 
an LED at a particular location driven to illuminate a particu 
lar color of light; (ii) when the PTS is too FAST, one or more 
LEDs 301 of a particular color (e.g. RED) are driven to 
illuminated RED light, or one or more LEDs at a particular 
location are driven to illuminate a particular color of light; 
and (iii) when the PTS is within a desired or specified range 
(e.g. predetermined by the system operator during a training 
session, determined by the system based on past perfor 
mance; etc), one or more LEDs of a particular color (e.g. 
GREEN) are driven to illuminated GREEN light, or one or 
more LEDs at a particular location are driven to illuminate a 
particular color of light. As shown in FIG. 2A, the visual-type 
PTS information display subsystem described above can be 
realized using a single LED capable of generating three dif 
ferent colors of visible illumination, or by multiple discrete 
LEDs located at different relative display positions, and pos 
sibly capable different colors of light. In this illustrative 
embodiment, a range of computed PTS values can be 
assigned to a corresponding LED color or LED position, 
Supported by the three-state visual display indication system, 
described above. 

0080. As an alternative, or in addition to color informa 
tion, the PTS information display subsystem 300 can also 
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display different types of visual information such as, but not 
limited to, graphics on a LCD display panel 302, and well as 
audio information produced from audio transducer 303 to 
indicate detected product scanning speeds Supported by a 
particular system operator, and provide feedback to help 
improve the scanning behavior of any given system operator. 
I0081. In the event that the PTS information display sub 
system 300 supports audible/acoustical display of PTS values 
at the POS station, then there are a variety of ways to acous 
tically display PTS values using one or more audio transduc 
ers 303. For example, consider the case of audibly/acousti 
cally displaying three different ranges of PTS, namely: (i) 
when the PTS is too SLOW, one or more acoustical transduc 
ers 303 are driven to produce a first discernable sound having 
a first pitch P1; (ii) when the PTS is too FAST, one or more 
transducers 303 are driven to produce a second discernable 
sound having a second pitch; and (iii) when the PTS is within 
a desired or specified range (e.g. predetermined by the system 
operator during a training session; determined by the system 
based on past performance, etc.), one or more transducers303 
are driven to produce a third discernable sound having a third 
pitch P3. This acoustical-type PTS information display sub 
system 300 can be realized using a single piezo-acoustic 
transducer 303 capable of generating three different sounds of 
different pitch, or by multiple discrete piezo-electric trans 
ducers, each designed to generate sounds of different pitch to 
signal different detected pass-through speed events or the 
like. In this illustrative embodiment, a range of computed 
PTS values will be assigned to a corresponding pitch, Sup 
ported by the three-state acoustical display indication system, 
300 described above. Alternatively, the acoustical PTS indi 
cator 303 described above can also generate a range of sounds 
having continuously modulated pitch, corresponding to an 
increase or decrease in PTS, as the case may be. 
I0082 In yet other embodiments of the PTS information 
display subsystem 300, both visual and acoustical display 
capabilities can be combined into a single PTS information 
display Subsystem, as shown in FIG. 2A, having one or more 
modes of operation, in which either visual, or acoustical PTS 
display capabilities are carried out, or both visual and acous 
tical PTS display capabilities are carried out simultaneously, 
as desired or required by the particular application at hand. 
I0083. Also, the system of this illustrative embodiment can 
automatically adjust the system parameters according to a 
specific system operator. Also, the PTS data from a specific 
system operator can be used to customize the system accord 
ing to the operator's average PTS. The average PTS or 
weighed average PTS of any system operator, who is regis 
tered with the system, can be measured and stored as a char 
acteristic of the system operator in System memory, and the 
system can automatically change the sampling speed (line/ 
second) of the image sensor (i.e. camera sensor) and/or illu 
mination level of the illumination Subsystem so as to corre 
spond with the average PTS or weighted average PTS of the 
system operator using the system, to achieve optimal system 
performance and POS throughput. 

The Second Illustrative Embodiment of the Bar Code Symbol 
Reading System Employing IR Pulse-Doppler LIDAR Based 
Object Motion/Velocity Detectors in Each Coplanar 
Illumination and Imaging Subsystem. Thereof 
0084. In FIG. 4A, a second illustrative embodiment of the 
bar code symbol reading system 10B is shown removed from 
its POS environment, with one coplanar illumination and 
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imaging plane being projected through an aperture in its 
imaging window protection plate. In this illustrative embodi 
ment, each coplanar illumination and imaging plane pro 
jected through the 3D imaging Volume of the system has a 
plurality of IR Pulse-Doppler LIDAR based object motion/ 
Velocity sensing beams (A, B, C) that are spatially coincident 
therewith, for sensing in real-time the motion and velocity of 
objects passing there through during system operation. As 
shown in greater detail, IR Pulse-Doppler LIDAR based 
object motion/velocity sensing beams (A, B, C) are generated 
from a plurality of IRPulse-Doppler LIDAR motion/velocity 
detection Subsystems, which can be realized using a plurality 
of IR Pulse-Doppler LIDAR motion/velocity sensing chips 
mounted along the illumination array provided at each copla 
nar illumination and imaging station in the system. 
I0085. In FIG. 4A, three such IR Pulse-Doppler LIDAR 
motion/velocity sensing chips (e.g. Philips PLN2020 Twin 
Eye 850 nm IR Laser-Based Motion/Velocity Sensor System 
in a Package (SIP)) are employed in each station in the system 
to achieve coverage over substantially the entire field of view 
of the station. 

I0086. As shown in FIG. 4B, the bar code symbol reading 
system 10B comprises: complex of coplanar illuminating and 
linear imaging stations 15A through 15F" constructed using 
the illumination arrays and linear (CCD or CMOS based) 
image sensing arrays shown in FIG. 4C, a multi-processor 
image processing Subsystem 20 for Supporting automatic 
image processing based bar code symbol reading and optical 
character recognition (OCR) along each coplanar illumina 
tion and imaging plane within the system; a software-based 
object recognition Subsystem 21, for use in cooperation with 
the image processing Subsystem 20, and automatically rec 
ognizing objects (such as Vegetables and fruit) at the retail 
POS while being imaged by the system; an electronic weight 
scale 22 employing one or more load cells 23 positioned 
centrally below the system housing, for rapidly measuring the 
weight of objects positioned on the window aperture of the 
system for weighing, and generating electronic data repre 
sentative of measured weight of the object; an input/output 
Subsystem 28 for interfacing with the image processing Sub 
system, the electronic weight scale 22, RFID reader 26, 
credit-card reader 27 and Electronic Article Surveillance 
(EAS) Subsystem 28 (including a Sensormatic(R) EAS tag 
deactivation block integrated in System housing, and a Check 
point(R) EAS antenna); a wide-area wireless interface (WIFI) 
31 including RF transceiver and antenna 31A for connecting 
to the TCP/IP layer of the Internet as well as one or more 
image storing and processing RDBMS servers 33 (which can 
receive images lifted by system for remote processing by the 
image storing and processing servers 33); a Bluetooth R. RF 
2-way communication interface 35 including RF transceivers 
and antennas 3A for connecting to Blue-tooth R) enabled 
hand-held scanners, imagers, PDAs, portable computers 36 
and the like, for control, management, application and diag 
nostic purposes; and a global control Subsystem 37 for con 
trolling (i.e. orchestrating and managing) the operation of the 
coplanar illumination and imaging stations (i.e. Subsystems), 
electronic weight scale 22, and other Subsystems. As shown, 
each coplanar illumination and imaging Subsystem 15 trans 
mits frames of image data to the image processing Subsystem 
20, for state-dependent image processing and the results of 
the image processing operations are transmitted to the host 
system via the input/output subsystem 20. The bar code sym 
bol reading module employed along each channel of the 
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multi-channel image processing Subsystem 20 can be realized 
using SwiftDecoder(R) Image Processing Based Bar Code 
Reading Software from Omniplanar Corporation, West Dept 
ford, N.J., or any other Suitable image processing based bar 
code reading software. Also, the system provides full Support 
for (i) dynamically and adaptively controlling system control 
parameters in the digital image capture and processing sys 
tem, as disclosed and taught in U.S. Pat. No. 7,607,581, as 
well as (ii) permitting modification and/or extension of sys 
tem features and function, as disclosed and taught in U.S. Pat. 
No. 7,708.205. 
I0087 As shown in FIG. 4C, each coplanar illumination 
and imaging station 15' employed in the system embodiment 
of FIG. 4B, comprises: a planar illumination array (PLIA) 44; 
a linear image formation and detection Subsystem 40; an 
image capturing and buffering Subsystem 48, at least one 
high-speed IR Pulse-Doppler LIDAR based object motion/ 
Velocity detecting (i.e. sensing) Subsystem 49"; and a local 
control subsystem 50. 
0088. In the illustrative embodiment of FIG. 4, each IR 
Pulse-Doppler LIDAR based object motion/velocity sensing 
subsystem 49' can be realized using a high-speed IR Pulse 
Doppler LIDAR based motion/velocity sensor (e.g. Philips 
PLN2020 Twin-Eye 850 nm IRLaser-Based Motion/Velocity 
Sensor (SIP). The purpose of this subsystem 49' is to (i) detect 
whether or not an object is present within the FOV at any 
instant in time, and (ii) detect the motion and Velocity of 
objects passing through the FOV of the linear image sensing 
array, controlling camera parameters in real-time, including 
the clock frequency of the linear image sensing array, and (iii) 
automatically provide the system operator with visual and/or 
audio indication based feedback on the speed of objects trans 
ported through the 3D imaging Volume. 
0089. In such an illustrative embodiment, disclosed in 
U.S. Pat. No. 7,607,581, supra, the IR Pulse-Doppler LIDAR 
based object motion/velocity detection subsystem 49' com 
prises: an IR Pulse-Doppler LIDAR transceiver 80 for trans 
mitting IR LIDAR signals towards an object in the field of the 
view of the station, and receiving IR signals that scatter at the 
surface of the object; and an embedded DSP processor (i.e. 
ASIC) for processing received IR Pulse-Doppler signals (on 
the time and/or frequency domain), so as to abstract motion 
and velocity data relating to the target object. IRPulse-Dop 
pler LIDAR transceiver provides generated motion and 
velocity data to the local control subsystem 50, for processing 
to produce control data that is used to control aspects of 
operation the illumination Subsystem 44, and/or the linear 
image formation and detection Subsystem 40. By utilizing 
interferometry techniques normally applied in high-perfor 
mance professional applications, the IR Pulse-Doppler 
LIDAR Motion/Velocity Sensor SIP leverages the latest 
developments in Solid-state lasers, digital signal processing 
and system in a package (SIP) technology to achieve unpar 
alleled resolution and accuracy for position/velocity sensing 
in consumer-product applications. Preferably, the IR Laser 
Based Motion/Velocity Sensor SIP is capable of (i) detecting 
the movement of any surface that scatters infrared (IR) radia 
tion, (ii) resolving these movements down to a level of less 
than 1 Jum, and (iii) tracking object Velocities of several 
meters per second and accelerations up to 10 g. 
0090 FIG. 4D describes an exemplary embodiment of a 
computing and memory architecture platform that can be 
used to implement the omni-directional image capturing and 
processing based bar code symbol reading system described 
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in FIG. 4B. As shown, this hardware computing and memory 
platform can be realized on a single PC board, along with the 
electro-optics associated with the coplanar illumination and 
imaging stations and other Subsystems. As shown, the hard 
ware platform comprises: at least one, but preferably multiple 
high speed dual core microprocessors, to provide a multi 
processor architecture having high bandwidth video-inter 
faces and video memory and processing Support; an FPGA 
(e.g. Spartan 3) for managing the digital image streams Sup 
plied by the plurality of digital image capturing and buffering 
channels, each of which is driven by a coplanar illumination 
and imaging station (e.g. linear CCD or CMOS image sensing 
array, image formation optics, etc) in the system; a robust 
multi-tier memory architecture including DRAM, Flash 
Memory, SRAM and even a hard-drive persistence memory 
in Some applications; arrays of VLDS and/or LEDs, associ 
ated beam shaping and collimating/focusing optics; and ana 
log and digital circuitry for realizing the illumination Sub 
system; interface board with microprocessors and 
connectors; power Supply and distribution circuitry; as well 
as circuitry for implementing the other Subsystems employed 
in the system. 
0091 Referring to FIG. 4E, a preferred method of POS 
scanning optimization method, Supported by the system of 
the second illustrative embodiment 10B, will now be 
described in detail. 

0092. As indicated at Block A in FIG. 4E, the first step of 
the method involves, prior to system operation, acquiring 
identification data on the system operator (e.g. cashier or 
sales clerk) and then storing this identification information 
data in the system memory of the system. Such identification 
information may include one or more of the following items: 
the system operator's name; employee identification number; 
etc. 

0093. As indicated at Block B in FIG.4E, the second step 
of the method involves automatically acquiring the speed/ 
velocity of each object being manually moved through the 3D 
imaging Volume of the system, and storing the acquired 
speed/velocity data in System memory. 

0094. As indicated at Block C, the third step of the method 
involves using the object speed or Velocity data (e.g. aver 
aged, weighed or discrete samples) to adjust camera param 
eters (e.g. image sensing array speed, illumination duration 
and/or intensity, etc) within the system. 
0095. As indicated at Block D, the fourth step of the 
method involves capturing and processing digital images of 
each object moved through the 3D imaging Volume of the 
system, in order to read one or more code symbols graphically 
represented in the captured digital images. 

0096. As indicated at Block E, the fifth step of the method 
involves using the PTS information display subsystem 300 to 
visually and/or acoustically display, during system operation, 
the detected object scan speed associated with the identified 
system operator, for the purpose of providing the system 
operator with a useful measure of pass-through-speed (PTS) 
feedback during product scanning and checkout operations 
conducted at the POS station. 

0097. In all respects, the PTS information display sub 
system 300 operates in system 10B as described in connec 
tion with system 10A. 
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The Third Illustrative Embodiment of Bar Code Symbol 
Reading System Employing Globally-Deployed 
Imaging-Based Object Motion/Velocity Detectors in the 3D 
Imaging Volume Thereof 
0098. As shown in FIG. 5A, a plurality of imaging-based 
object motion and velocity “field of views’ 120A, 120B and 
120C are generated from a plurality of imaging-based 
motion/velocity detection subsystems 121 installed in the 
system 10C, and operated during its Object Motion/Velocity 
Detection Mode. As these imaging-based object motion and 
velocity “field of views are not necessarily spatially co 
extensive or overlapping the coplanar illumination and imag 
ing planes generated within the 3D imaging Volume by Sub 
system (i.e. station) 15" in the system, the FOVs of these 
object motion/velocity detecting Subsystems will need to use 
either ambient illumination or pulsed or continuously oper 
ated LED or VLD illumination sources so as to illuminate 
their FOVs during the Object Motion/Velocity Detection 
Mode of the system. Ideally, these illumination sources 
would produce IR illumination (e.g. in the 850 nm range). The 
function of these globally deployed object motion/velocity 
detection Subsystems is to enable automatic control of illu 
mination and/or exposure during the bar code reading mode 
of the system. 
(0099. In FIG. 5B, the system architecture of the omni 
directional image capturing and processing based bar code 
symbol reading system 10C of FIG. 5A is shown comprising: 
a complex of coplanar illuminating and linear-imaging sta 
tions 15A" through 15F" constructed using the linear illumi 
nation arrays and image sensing arrays as described herein 
above; at least one co-extensive illuminating and imaging 
station 15G" constructed using an area-type LED illumina 
tion array and an area-type image sensing array, spatially 
over-lapping each other so that the FOV of the area-type array 
is flooded with LED illumination during illumination and 
imaging operations; an multi-processor image processing 
Subsystem 20 for Supporting automatic image processing 
based bar code symbol reading and optical character recog 
nition (OCR) along each coplanar illumination and imaging 
plane within the system; a Software-based object recognition 
Subsystem 21, for use in cooperation with the image process 
ing Subsystem 20, and automatically recognizing objects 
(such as vegetables and fruit) at the retail POS while being 
imaged by the system; an electronic weight scale 22 employ 
ing one or more load cells 23 positioned centrally below the 
system housing, for rapidly measuring the weight of objects 
positioned on the window aperture of the system for weigh 
ing, and generating electronic data representative of mea 
sured weight of the object; an input/output subsystem 28 for 
interfacing with the image processing Subsystem, the elec 
tronic weight scale 22, RFID reader 26, credit-card reader 27 
and Electronic Article Surveillance (EAS) Subsystem 28 (in 
cluding EAS tag deactivation block integrated in System 
housing); a wide-area wireless interface (WIFI) 31 including 
RF transceiver and antenna 31A for connecting to the TCP/IP 
layer of the Internet as well as one or more image storing and 
processing RDBMS servers 33 (which can receive images 
lifted by System for remote processing by the image storing 
and processing servers 33); a Bluetooth R. RF 2-way commu 
nication interface 35 including RF transceivers and antennas 
3A for connecting to Blue-tooth R) enabled hand-held scan 
ners, imagers, PDAs, portable computers 36 and the like, for 
control, management, application and diagnostic purposes; 
and a global control subsystem37 for controlling (i.e. orches 
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trating and managing) the operation of the coplanar illumi 
nation and imaging stations (i.e. Subsystems), electronic 
weight scale 22, and other Subsystems. As shown, each copla 
nar illumination and imaging Subsystem 15" transmits frames 
of image data to the image processing Subsystem 20, for 
state-dependent image processing and the results of the image 
processing operations are transmitted to the host system via 
the input/output subsystem 25. The bar code symbol reading 
module 20 employed along each channel of the multi-channel 
image processing Subsystem 20 can be realized using Swift 
Decoder(R) Image Processing Based Bar Code Reading Soft 
ware from Omniplanar Corporation, West Deptford, N.J., or 
any other Suitable image processing based bar code reading 
software. Also, the system provides full support for (i) 
dynamically and adaptively controlling system control 
parameters in the digital image capture and processing sys 
tem, as disclosed and taught in U.S. Pat. No. 7,607,581, as 
well as (ii) permitting modification and/or extension of sys 
tem features and function, as disclosed and taught in U.S. Pat. 
No. 7,708.205, supra. 
0100. As shown in FIG. 5C, each coplanar illumination 
and imaging station 15" employed in the system of FIG. 5 
comprises: an illumination Subsystem 44 including a linear 
array of VLDs or LEDs 44A and 44B and associated focusing 
and cylindrical beam shaping optics (i.e. planar illumination 
arrays PLIAS), for generating a planar illumination beam 
(PLIB) from the station; a linear image formation and detec 
tion (IFD) subsystem 40 having a camera controller interface 
(e.g. FPGA) 40A for interfacing with the local control Sub 
system 50 and a high-resolution linear image sensing array 41 
with optics providing a field of view (FOV) on the image 
sensing array that is coplanar with the PLIB produced by the 
linear illumination array 44A So as to form and detect linear 
digital images of objects within the FOV of the system; a local 
control subsystem 50 for locally controlling the operation of 
Subcomponents within the station, in response to control sig 
nals generated by global control Subsystem 37 maintained at 
the system level, shown in FIG. 5; an image capturing and 
buffering Subsystem 48 for capturing linear digital images 
with the linear image sensing array 41 and buffering these 
linear images in buffer memory So as to form 2D digital 
images for transfer to image-processing Subsystem 20 main 
tained at the system level, and Subsequent image processing 
according to bar code symbol decoding algorithms, OCR 
algorithms, and/or object recognition processes; a high-speed 
image capturing and processing based motion/velocity sens 
ing subsystem 130 (similar to subsystem 49) for measuring 
the motion and Velocity of objects in the 3D imaging Volume 
and Supplying the motion and Velocity data to the local con 
trol Subsystem 50 for processing and automatic generation of 
control data that is used to control the illumination and expo 
Sure parameters of the linear image formation and detection 
system within the station. Details regarding the design and 
construction of planar illumination and imaging module 
(PLIIMs) can be found in Applicants’ U.S. Pat. No. 7,028,899 
B2 incorporated herein by reference. 
0101. As shown in FIG. 4C, the high-speed image captur 
ing and processing based motion/velocity sensing Subsystem 
130 can be realized by an arrangement of components, com 
prising: an area-type image acquisition Subsystem with an 
area-type image sensing array and optics for generating a 
field of view (FOV) that is preferably spatially coextensive 
with the longer dimensions of the FOV of the linear image 
formation and detection subsystem 40; an (IR) illumination 
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area-type illumination Subsystem having a pair of IR illumi 
nation arrays; and an embedded digital signal processing 
(DSP) image processor for automatically processing 2D 
images captured by the digital image acquisition Subsystem. 
The DSP image processor processes captured images so as to 
automatically abstract, in real-time, motion and Velocity data 
from the processed images and provide this motion and Veloc 
ity data to the global control subsystem 37, or alternatively to 
local control subsystem 40 of each station 15", for the pro 
cessing and automatic generation of control data that is used 
to control the illumination and/or exposure parameters of the 
linear image formation and detection system within the sta 
tion. In the illustrative embodiment, each image capturing 
and processing based motion/velocity sensing Subsystem 130 
continuously and automatically computes the motion and 
velocity of objects passing through the planar FOV of the 
station, and uses this data to generate control signals that set 
the frequency of the clock signal used to read out data from 
the linear image sensing array 41 employed in the linear 
image formation and detection Subsystem of the system. 
0102 The area-type LED or VLD based illumination array 
and the area-type image sensing array 131 cooperate to pro 
duce digital images of IR-illuminated objects passing through 
at least a portion of the FOV of the linear image formation and 
detection subsystem 40. Then, DSP-based image processor 
(e.g. ASICs) process captured images using cross-correlation 
functions to compute (i.e. measure) motion and Velocity 
regarding object(s) within the FOV of the linear image for 
mation and detection subsystem. This motion and Velocity 
data is then provided to the global subsystem controller 37 so 
that it can generate (i.e. compute) control data for controlling 
the frequency of the clock signal used in reading data out of 
the linear image sensing arrays of the image formation and 
detection subsystems 40 in the stations of the system. Alter 
natively, this motion and Velocity data can be sent to the local 
control Subsystems for local computation of control data for 
controlling the illumination and/or exposure parameters 
employed in the station. An algorithm for computing Such 
control data, based on sensed 2D images of objects moving 
through (at least a portion of) the FOV of the linear image 
formation and detection Subsystem, is employed. 
(0103 Referring to FIG. 5E, a preferred method of operat 
ing the system of the third illustrative embodiment 12C will 
now be described in detail. 
0104. As indicated at Block A in FIG. 5E, the first step of 
the method involves, prior to system operation, acquiring 
identification data on the system operator (e.g. cashier or 
sales clerk) and then storing this identification information 
data in the system memory of the system 10C. Such identifi 
cation information may include one or more of the following 
items: the system operator's name; employee identification 
number, etc. 
0105. As indicated at Block B in FIG. 5E, the second step 
of the method involves automatically acquiring the speed/ 
velocity of each object being manually moved through the 3D 
imaging Volume of the system, and storing the acquired 
speed/velocity data in System memory. 
0106. As indicated at Block C, the third step of the method 
involves using the object speed or Velocity data (e.g. aver 
aged, weighed or discrete samples) to adjust camera param 
eters (e.g. image sensing array speed, illumination duration 
and/or intensity, etc) within the system. 
0107 As indicated at Block D, the fourth step of the 
method involves capturing and processing digital images of 
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each object moved through the 3D imaging Volume of the 
system, in order to read one or more code symbols graphically 
represented in the captured digital images. 

0108. As indicated at Block E, the fifth step of the method 
involves using the PTS information display subsystem 300 to 
visually and/or acoustically display, during system operation, 
the detected object scan speed associated with the identified 
system operator, for the purpose of providing the system 
operator with a useful measure of pass-through-speed (PTS) 
feedback during product scanning and checkout operations 
conducted at the POS station. 

0109. In all respects, the PTS information display sub 
system 300 operates in system 10C as described in connec 
tion with system 10A. 
The Fourth Illustrative Embodiment of Bar Code Symbol 
Reading System Employing IR-Based Based Object Motion/ 
Velocity Detectors about the 3D Scanning Volume Thereof 
0110. In FIG. 6A, a fourth alternative embodiment of the 
bioptic laser scanning bar code symbol reading system 10D is 
shown removed from its POS environment. In this illustrative 
embodiment, a pair of IR object detection fields are projected 
outside of the limits of the horizontal and vertical scanning 
windows of the system, and spatially co-incident therewith, 
for sensing in real-time the motion and Velocity of objects 
being passing there through during system operation. 

0111. As shown in greater detail, the IR-based object 
motion/velocity sensing fields can be generated in various 
ways, including from a plurality of IRPulse-Doppler LIDAR 
motion/velocity detection subsystems 140 installed within 
the system housing. Such subsystems can be realized using a 
plurality of IR (Coherent or Incoherent) Pulse-Doppler 
LIDAR motion/velocity sensing chips mounted along the 
illumination array provided at each coplanar illumination and 
imaging station 15 in the system. In the illustrative embodi 
ments of FIG. 6A, three such IR Pulse-Doppler LIDAR 
motion/velocity sensing chips (e.g. Philips PLN2020 Twin 
Eye 850 nm IR Laser-Based Motion/Velocity Sensor System 
in a Package (SIP)) are employed in each station in the sys 
tem. Details regarding this subsystem are described in U.S. 
Publication No. 20080283611 A1, and corresponding por 
tions of the present patent Specification thereof. 
0112. As shown in FIG. 6B, the bar code symbol reading 
system 10D comprises: a pair of laser Scanning stations (i.e. 
subsystems) 150A and 150B, for generating and projecting a 
complex of laser Scanning planes into the 3D scanning Vol 
ume of the system; a scan data processing Subsystem 20' for 
Supporting automatic processing of Scan data collected from 
each laser Scanning plane in the system; an electronic weight 
scale 22 employing one or more load cells 23 positioned 
centrally below the system housing, for rapidly measuring the 
weight of objects positioned on the window aperture of the 
system for weighing, and generating electronic data repre 
sentative of measured weight of the object; an input/output 
Subsystem 28 for interfacing with the image processing Sub 
system, the electronic weight scale 22, RFID reader 26, 
credit-card reader 27 and Electronic Article Surveillance 
(EAS) Subsystem 28 (including EAS tag deactivation block 
integrated in System housing); a wide-area wireless interface 
(WIFI) 31 including RF transceiver and antenna 31A for 
connecting to the TCP/IP layer of the Internet as well as one 
or more image storing and processing RDBMS servers 33 
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(which can receive images lifted by System for remote pro 
cessing by the image storing and processing servers 33); a 
Bluetooth RRF 2-way communication interface 35 including 
RF transceivers and antennas 3A for connecting to Blue 
tooth R enabled hand-held scanners, imagers, PDAs, portable 
computers 36 and the like, for control, management, applica 
tion and diagnostic purposes; and a global control Subsystem 
37 for controlling (i.e. orchestrating and managing) the 
operation of the coplanar illumination and imaging stations 
(i.e. Subsystems), electronic weight scale 22, and other Sub 
systems. 
0113. In FIG. 6A, the bar code symbol reading module 
employed along each channel of the scan data processing 
Subsystem 20 can be realized using conventional bar code 
reading Software well known in the art. Also, the system 
provides full Support for (i) dynamically and adaptively con 
trolling system control parameters in the digital image cap 
ture and processing system, as disclosed and taught in Appli 
cants’ U.S. Pat. No. 7,607,581, as well as (ii) permitting 
modification and/or extension of system features and func 
tion, as disclosed and taught in U.S. Pat. No. 7,708.205, 
Supra. 
0114 Referring to FIG. 6E, a preferred method of operat 
ing the system of the fourth illustrative embodiment will now 
be described in detail. 
(0.115. As indicated at Block A in FIG. 6E, the first step of 
the method involves, prior to system operation, acquiring 
identification data on the system operator (e.g. cashier or 
sales clerk) and then storing this identification information 
data in the system memory of the system. Such identification 
information may include one or more of the following items: 
the system operator's name; employee identification number; 
etc. 

0116. As indicated at Block B in FIG. 6E, the second step 
of the method involves automatically acquiring the speed/ 
velocity of each object being manually moved through the 3D 
scanning Volume of the system, and storing the acquired 
speed/velocity data in System memory. 
0117. As indicated at Block C, the third step of the method 
involves capturing and processing laser scan data signals 
from each object moved through the 3D scanning volume of 
the system, in order to read one or more code symbols repre 
sented in the captured scan data signals. 
0118. As indicated at Block E, the fourth step of the 
method involves using the PTS information display sub 
system 300 to visually and/or acoustically display, during 
system operation, the detected object Scan speed associated 
with the identified system operator, for the purpose of pro 
viding the system operator with a useful measure of pass 
through-speed (PTS) feedback during product scanning and 
checkout operations conducted at the POS station. 
0119. In all respects, the PTS information display sub 
system 300 operates in system 10D as described in connec 
tion with system 10A. 
Modifications that Come to Mind 
I0120 While image-based, LIDAR-based, and SONAR 
based motion and Velocity detection techniques have been 
disclosed for use in implementing the object motion/velocity 
detection Subsystem of each station of the system, it is under 
stood that alternative methods of measurement can be used to 
implement such functions within the system. 
0121 Several modifications to the illustrative embodi 
ments have been described above. It is understood, however, 
that various other modifications to the illustrative embodi 
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ment will readily occur to persons with ordinary skill in the 
art. All Such modifications and variations are deemed to be 
within the scope of the accompanying Claims. 

1. A code symbol reading system, comprising: 
a coplanar illumination and imaging Subsystem for reading 

code symbols within a volume; 
an object motion sensor for measuring the pass-through 

speed of objects passing through the Volume and gener 
ating pass-through speed data representative of the mea 
Sured pass-through speed; and 

an output Subsystem for transmitting the pass-through 
speed data generated by the object motion sensor. 

2. The system of claim 1, wherein the object motion sensor 
comprises an imaging-based object motion sensor. 

3. The system of claim 1, wherein the object motion sensor 
comprises an IR Pulse-Doppler LIDAR-based object motion 
SSO. 

4. The system of claim 1, comprising a database for storing 
the pass-through speed data generated by the object motion 
SSO. 

5. The system of claim 1, wherein the output subsystem 
transmits the pass-through speed data generated by the object 
motion sensor to a database system. 

6. The system of claim 1, wherein the coplanarillumination 
and imaging Subsystem adjusts illumination and imaging 
parameters based on the pass-through speed data generated 
by the object motion sensor. 

7. A code symbol reading system, comprising: 
a Subsystem for reading code symbols within a Volume; 
an object motion sensor for measuring the pass-through 

speed of objects passing through the Volume and gener 
ating pass-through speed data representative of the mea 
Sured pass-through speed; and 

an output Subsystem for transmitting the pass-through 
speed data generated by the object motion sensor. 

8. The system of claim 7, wherein the object motion sensor 
comprises an imaging-based object motion sensor. 
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9. The system of claim 7, wherein the object motion sensor 
comprises an IR Pulse-Doppler LIDAR-based object motion 
SSO. 

10. The system of claim 7, comprising a database for stor 
ing the pass-through speed data generated by the object 
motion sensor. 

11. The system of claim 7, wherein the output subsystem 
transmits the pass-through speed data generated by the object 
motion sensor to a database system. 

12. A code symbol reading system, comprising: 
a Subsystem for reading code symbols within a Volume; 

and 
an object motion sensor for measuring the pass-through 

speed of objects passing through the Volume and gener 
ating pass-through speed data representative of the mea 
Sured pass-through speed. 

13. The system of claim 12, comprising a database for 
storing the pass-through speed data generated by the object 
motion sensor. 

14. The system of claim 12, comprising an output Sub 
system for transmitting the pass-through speed data gener 
ated by the object motion sensor to a database system. 

15. The system of claim 12, wherein the subsystem for 
reading code symbols adjusts parameters for reading code 
symbols based on the pass-through speed data generated by 
the object motion sensor. 

16. The system of claim 12, wherein the object motion 
sensor comprises an imaging-based object motion sensor. 

17. The system of claim 12, wherein the object motion 
sensor comprises an IR-based object motion sensor. 

18. The system of claim 12, wherein the subsystem for 
reading code symbols comprises a coplanar illumination and 
imaging Subsystem. 

19. The system of claim 12, wherein the subsystem for 
reading code symbols comprises a laser scanning Subsystem. 

20. The system of claim 12, comprising a sound generator 
for generating indications corresponding to the pass-through 
speed data generated by the object motion sensor. 
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