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Description

BACKGROUND OF THE INVENTION

Technical Field

[0001] The present invention relates generally to laser scanners of ultra-compact design capable of reading bar code
symbols in point-of-sale (POS) and other demanding scanning environments.

Brief Description of the State of the Art

[0002] 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. In general, these bar code symbol readers can be classified
into two distinct classes.
[0003] The first class of bar code symbol reader simultaneously illuminates all of the bars and spaces of a bar code
symbol with light of a specific wavelength(s) in order to capture an image thereof for recognition and decoding purposes.
Such scanners are commonly known as CCD scanners because they use CCD image detectors to detect images of the
bar code symbols being read.
[0004] The second class of bar code symbol reader uses a focused light beam, typically a focused laser beam, to
sequentially scan the bars and spaces of a bar code symbol to be read. This type of bar code symbol scanner is commonly
called a "flying spot" scanner as the focused laser beam appears as "a spot of light that flies" across the bar code symbol
being read. In general, laser bar code symbol scanners are sub-classified further by the type of mechanism used to
focus and scan the laser beam across bar code symbols.
[0005] The majority of laser scanners in use today, particular in retail environments, employ lenses and moving (i.e.
rotating or oscillating) mirrors and/or other optical elements in order to focus and scan laser beams across bar code
symbols during code symbol reading operations. In demanding retail scanning environments, it is common for such
systems to have both bottom and side-scanning windows to enable highly aggressive scanner performance, whereby
the cashier need only drag a bar coded product past these scanning windows for the bar code thereon to be automatically
read with minimal assistance of the cashier or checkout personal. Such dual scanning 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 windows thereof. Examples of polygon-based bioptical laser scanning systems are disclosed in US
Patent Nos. 4,229,588 and US Patent No. 4,652,732, assigned to NCR, Inc., each incorporated herein by reference in
its entirety.
[0006] In general, prior art bioptical laser scanning systems are generally more aggressive that conventional single
scanning window systems. For this reason, bioptical scanning systems are often deployed in demanding retail environ-
ments, such as supermarkets and high-volume department stores, where high checkout throughput is critical to achieving
store profitability and customer satisfaction.
[0007] US 6,189,795 (Fujitsu Limited) discloses a bioptical laser scanner that has a bottom scanning window and a
side scanning window. The scanner utilises an increased number of scanning lines for constituting scanning patterns
for scanning bar codes, and the arrangement of the optical system is contrived to decrease the whole size of the bar
code reader and, particularly, to decrease the depth of the bar code reader.
[0008] US 5,475,207 (Spectra-Physics Scanning Systems Inc.) discloses an optical system and method for data
reading which includes a scanner having multiple beam service, such as a laser diode and a beam splitter to generate
two optical beams, and directing such beams toward a rotating polygon mirror and mirror arrays to produce scan patterns
that pass through horizontal and vertical windows.
[0009] WO 01/80163 (Metrologic Instruments Inc.) discloses a bioptical laser scanning system that can generate a 3-
D omnidirectional laser scanning pattern.
[0010] While prior art bioptical scanning systems represent a technological advance over most single scanning window
system, prior art bioptical scanning systems in general suffered from various shortcomings and drawbacks.
[0011] In particular, the laser scanning patterns of such prior art bioptical laser scanning systems are not optimized
in terms of scanning coverage and performance, and are generally expensive to manufacture by virtue of the large
number of optical components presently required to constructed such laser scanning systems.
[0012] Thus, there is a great need in the art for an improved bioptical-type laser scanning bar code symbol reading
system, while avoiding the shortcomings and drawbacks of prior art laser scanning systems and methodologies.
[0013] Moreover, the performance of such aggressive laser scanning systems (in scanning a bar code symbol and
accurately produce digital scan data signals representative of a scanned bar code symbol) is susceptible to noise,
including ambient noise, thermal noise and paper noise. More specifically, during operation of such machines, a focused
light beam is produced from a light source such as a visible laser diode (VLD), and repeatedly scanned across the
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elements of the code symbol attached, printed or otherwise fixed to the object to be identified. In the case of bar code
scanning applications, the elements of the code symbol consists of a series of bar and space elements of varying width.
For discrimination purposes, the bars and spaces have different light reflectivity (e.g. the spaces are highly light-reflective
while the bars are highly light-absorptive). As the laser beam is scanned across the bar code elements, the bar elements
absorb a substantial portion of the laser beam power, whereas the space elements reflective a substantial portion thereof.
As a result of this scanning process, the intensity of the laser beam is modulated to in accordance with the information
structure encoded within the scanned bar code symbol. As the laser beam is scanned across the bar code symbol, a
portion of the reflected light beam is collected by optics within the scanner. The collected light signal is subsequently
focused upon a photodetector within the scanner which generates an analog electrical output signal which can be
decomposed into a number of signal components, namely a digital scan data signal having first and second signal levels,
corresponding to the bars and spaces within the scanned code symbol; ambient-light noise produced as a result of
ambient light collected by the light collection optics of the system; thermal noise produced as a result of thermal activity
within the signal detecting and processing circuitry; and "paper" or substrate noise produced as a result of the micro-
structure of the substrate in relation to the cross-sectional dimensions of the focused laser scanning beam. The analog
scan data signal has positive-going transitions and negative-going transitions, which signify transitions between bars
and spaces in the scanned bar code symbol. However, as a result of such noise components, the transitions from the
first signal level to the second signal level and vice versa are not perfectly sharp, or instantaneous. Consequently, it is
difficult to determine the exact instant that each binary signal level transition occurs in detected analog scan data signal.
[0014] It is well known that the ability of a scanner to accurately scan a bar code symbol and accurately produce digital
scan data signals representative of a scanned bar code symbol in noisy environments depends on the depth of modulation
of the laser scanning beam. The depth of modulation of the laser scanning beam, in turn, depends on several important
factors, namely: the ratio of the laser beam cross-sectional dimensions at the scanning plane to the width of the minimal
bar code element in the bar code symbol being scanned, and (ii) the signal to noise ratio (SNR) in the scan data signal
processing stage where binary level (1-bit) analog to digital (A/D) signal conversion occurs.
[0015] As a practical matter, it is not possible in most instances to produce analog scan data signals with precisely-
defined signal level transitions. Therefore, the analog scan data signal must be further processed to precisely determine
the point at which the signal level transitions occur.
[0016] Hitherto, various circuits have been developed for carrying out such scan data signal processing operations.
Typically, signal processing circuits capable of performing such operations include filters for removing unwanted noise
components, and signal thresholding devices for rejecting signal components, which do not exceed a predetermined
signal level.
[0017] One very popular approach for converting analog scan data signals into digital scan data signals is disclosed
in U.S. Patent No. 4,000,397, incorporated herein by reference in its entirety. In this US Letters Patent, a method and
apparatus are disclosed for precisely detecting the time of transitions between the binary levels of encoded analog scan
data signals produced from various types of scanning devices. According to this prior art method, the first signal processing
step involves double-differentiating the analog scan data input signal Sanalog to produce a second derivative signal
S"

analog. Then the zero-crossings of the second derivative signal are detected, during selected gating periods, to signify
the precise time at which each transition between binary signal levels occurs. As taught in this US Patent, the selected
gating periods are determined using a first derivative signal S’

analog formed by differentiating the input scan data signal
Sanalog. Whenever the first derivative signal S’

analog exceeds a threshold level using peak-detection, the gating period
is present and the second derivative signal S"

analog is detected for zero-crossings. At each time instant when a second-
derivative zero-crossing is detected, a binary signal level is produced at the output of the signal processor. The binary
output signal level is a logical "1" when the detected signal level falls below the threshold at the gating interval, and a
logical "0" when the detected signal level falls above the threshold at the gating interval. The output digital signal Sdigital
produced by this signal processing technique corresponds to the digital scan data signal component contributing to the
underlying structure of the analog scan data input signal Sanalog..
[0018] While the above-described signal processing technique generates a simple way of generating a digital scan
data signal from a corresponding analog scan data signal, this method has a number of shortcomings and drawbacks.
[0019] In particular, thermal as well as "paper" or substrate noise imparted to the analog scan data input signal Sanalog
tends to generate zero-crossings in the second-derivative signal S"analog in much the same manner as does binary signal
level transitions encoded in the input analog scan data signal Sanalog. Consequently, the gating signal mechanism
disclosed in US Patent No. 4,000,397 allows "false" second-derivative zero-crossing signals to be passed onto the
second-derivative zero-crossing detector thereof, thereby producing erroneous binary signal levels at the output stage
of this prior art signal processor. In turn, error-ridden digital data scan data signals are transmitted to the digital scan
data signal processor of the bar code scanner for conversion into digital words representative of the length of the binary
signal levels in the digital scan data signal. This can result in significant errors during bar code symbol decoding operations,
causing objects to be incorrectly identified and/or erroneous data to be entered into a host system.
[0020] Also, when scanning bar code symbols within a large scanning field with multiple scanning planes that cover
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varying focal zones of the scanning field, as taught in co-applicant’s PCT International Patent Publication No. WO
97/22945 published on June 26, 1997, Applicants’ have observed that the effects of paper/substrate noise are greatly
amplified when scanning bar code symbols in the near focal zone(s), thereby causing a significant decrease in overall
system performance. In the far out focal zones of the scanning system, Applicants have observed that laser beam spot
speed is greatest and the analog scan data signals produced therefrom are time-compressed relative to analog scan
data signals produced from bar code symbols scanned in focal zones closer to the scanning system. Thus, in such prior
art laser scanning systems, Applicants’ have provided, between the first and second differentiator stages of the scan
data signal processor thereof, a low-pass filter (LHF) having cutoff frequency which passes (to the second differentiator
stage) the spectral components of analog scan data signals produced when scanning bar code elements at the focal
zone furthest out from the scanning system. While this technique has allowed prior art scanning systems to scan bar
codes in the far focal zones of the system, it has in no way addressed or provided a solution to the problem of increased
paper/substrate noise encountered when scanning bar code symbols in the near focal zones of such laser scanning
systems.
[0021] Moreover, although filters and signal thresholding devices are useful for rejecting noise components in the
analog scan signal, such devices also limit the scan resolution of the system, potentially rendering the system incapable
of reading low contrast and high resolution bar code symbols on surfaces placed in the scanning field.
[0022] Thus, there is a great need in the art for improved laser scanning system wherein the analog scan data signals
generated therewithin are processed so that the effects of thermal and paper noise encountered within the system are
significantly mitigated while not compromising the scan resolution of the system.

DISCLOSURE OF THE PRESENT INVENTION

[0023] Accordingly, a primary object of the present invention is to provide a novel bioptical laser scanning system,
which is free of the shortcomings and drawbacks of prior art bioptical laser scanning systems and methodologies.
[0024] Another object of the present invention is to provide a bioptical laser scanning system capable of scanning a
bar code symbol located on the surface of an object presented within a 3-D scanning volume at any orientation and from
any direction at a point of sale (POS) station.
[0025] These objects of the present invention are achieved in a new bi-optical, high performance, high-volume in-
counter laser scanner and scanner/scale system. From the counter down, which measures a mere four inches, the
biotical laser scanner is designed for high speed through-put, maximum uptime, and quick return on investment. Incor-
porating a new 68-line scanning pattern technology generating an aggressive 6,000 scans per second, the bioptical
laser scanner simultaneously reads bar codes on all six sides of a package. In addition, the bioptical laser scanner can
be equipped with a large collection of features including an integrated Electronic Article Surveillance (EAS) antenna,
operator training software, and independently operating vertical and horizontal scanning windows. The bioptical laser
scanner also includes an auxiliary RS232 port, providing easy connectivity to the host or peripherals and bar code
monitoring software.
[0026] Another object of the present invention is to provide a bioptical laser scanning system, wherein a plurality of
pairs of quasi-orthogonal laser scanning planes are projected within predetermined regions of space contained within
a 3-D scanning volume defined between the bottom and side-scanning windows of the system.
[0027] Another object of the present invention is to provide such a bioptical laser scanning system, wherein the plurality
of pairs of quasi-orthogonal laser scanning planes are produced using at least one rotating polygonal mirror having
scanning facets that have high and low elevation angle characteristics.
[0028] Another object of the present invention is to provide such a bioptical laser scanning system, wherein the plurality
of pairs of quasi-orthogonal laser scanning planes are produced using at least two rotating polygonal mirrors, wherein
a first rotating polygonal mirror produces laser scanning planes that project from the bottom-scanning window, and
wherein a second rotating polygonal mirror produces laser scanning planes that project from the side-scanning window.
[0029] Another object of the present invention is to provide such a bioptical laser scanning system, wherein each pair
of quasi-orthogonal laser scanning planes comprises a plurality of substantially-vertical laser scanning planes for reading
bar code symbols having bar code elements (i.e., ladder type bar code symbols) that are oriented substantially horizontal
with respect to the bottom-scanning window, and a plurality of substantially-horizontal laser scanning planes for reading
bar code symbols having bar code elements (i.e., picket-fence type bar code symbols) that are oriented substantially
vertical with respect to the bottom-scanning window.
[0030] Another object of the present invention is to provide a bioptical laser scanning system comprising a plurality of
laser scanning stations, each of which produces a plurality of groups of quasi-orthogonal laser scanning planes that are
projected within predetermined regions of space contained within a 3-D scanning volume defined between the bottom
and side-scanning windows of the system.
[0031] Another object of the present invention is to provide a bioptical laser scanning system, wherein two visible laser
diodes (VLDs) disposed on opposite sides of a rotating polygonal mirror are used to create a plurality of groups of quasi-
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orthogonal laser scanning planes that project through the bottom-scanning window.
[0032] Another object of the present invention is to provide a bioptical laser scanning system, wherein a single VLD
is used to create the scan pattern projected through the side-scanning window.
[0033] Another object of the present invention is to provide a bioptical laser scanning system, which generates a
plurality of quasi-orthogonal laser scanning planes that project through the bottom-scanning window and side-scanning
window to provide 360 degrees of scan coverage at a POS station.
[0034] Another object of the present invention is to provide a bioptical laser scanning system, which generates a
plurality of vertical laser scanning planes that project through the bottom-scanning window to provide 360 degrees of
scan coverage.
[0035] Another object of the present invention is to provide a bioptical laser scanning system which generates a
plurality of horizontal and vertical laser scanning planes that project from the top of the side-scanning window downward,
which are useful for reading ladder type and picket-fence type bar code symbols on top-facing surfaces.
[0036] A further object of the present invention is to provide such a bioptical laser scanning system, in which an
independent signal processing channel is provided for each laser diode and light collection/detection subsystem in order
to improve the signal processing speed of the system.
[0037] A further object of the present invention is to provide such a bioptical laser scanning system, in which a plurality
of signal processors are used for simultaneously processing the scan data signals produced from each of the photode-
tectors within the laser scanner.
[0038] A further object of the present invention is to provide a bioptical laser scanning system that provides improved
scan coverage over the volume disposed between the two scanning windows of the system.
[0039] Another object of the present invention is to provide a bioptical laser scanning system that produces horizontal
scanning planes capable of reading picket-fence type bar code symbols on back-facing surfaces whose normals are
substantially offset from the normal of the side-scanning window.
[0040] Another object of the present invention is to provide a bioptical laser scanning system that produces horizontal
scanning planes that project from exterior portions (for example, left side and right side) of the side-scanning window at
a characteristic propagation direction whose non-vertical component is greater than thirty-five degrees from normal of
the side-scanning window.
[0041] Another object of the present invention is to provide a bioptical laser scanning system that produces vertical
scanning planes capable of reading ladder type bar code symbols on back-facing surfaces whose normals are substan-
tially offset from the normal of the side-scanning window.
[0042] Another object of the present invention is to provide a bioptical laser scanning system that produces a plurality
a vertical scanning planes that project from portions (e.g., back-left and back-right corners) of the bottom-scanning
window proximate to the back of the bottom-scanning window and the bottom side of the side-scanning window.
[0043] Another object of the present invention is to provide a bioptical laser scanning system that produces vertical
scanning planes capable of 360 degree reading of ladder type bar code symbols (e.g., on bottom-, front-, left-, back-
and/or right-facing surfaces of an article).
[0044] Another object of the present invention is to provide a bioptical laser scanning system that produces a plurality
a vertical scanning planes that project from each one of the four corners of the bottom-scanning window.
[0045] Another object of the present invention is to provide a bioptical laser scanning system that produces at least
eight different vertical scanning planes that project from the side-scanning window.
[0046] Another object of the present invention is to provide a bioptical laser scanning system that produces at least
13 different horizontal scanning planes that project from the side-scanning window.
[0047] Another object of the present invention is to provide a bioptical laser scanning system that produces at least
20 different horizontal scanning planes that project from the side-scanning window
[0048] Another object of the present invention is to provide a bioptical laser scanning system that produces at least
21 different scanning planes that project from the side-scanning window.
[0049] Another object of the present invention is to provide a bioptical laser scanning system that produces at least
28 different scanning planes that project from the side-scanning window.
[0050] Another object of the present invention is to provide a bioptical laser scanning system that produces at least
seven different vertical scanning planes that project from the bottom-scanning window.
[0051] Another object of the present invention is to provide a bioptical laser scanning system that produces at least
21 different horizontal scanning planes that project from the bottom-scanning window.
[0052] Another object of the present invention is to provide a bioptical laser scanning system that produces at least
25 different scanning planes that project from the bottom- scanning window.
[0053] Another object of the present invention is to provide a bioptical laser scanning system with at least one laser
beam production module that cooperates with a rotating polygonal mirror and a plurality of laser beam folding mirrors
to produce a plurality of scanning planes that project through the window, wherein the incidence angle of the laser beam
produced by the laser beam production module is offset with respect to the axis of rotation of the rotating polygonal mirror.
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[0054] A further object of the present invention is to provide such a bioptical laser scanning system wherein the offset
of the incidence angle of the laser and the axis of rotation of the rotating polygonal mirror produces overlapping scanning
ray patterns that are incident on at least one common mirror to provide a dense scanning pattern projecting therefrom.
[0055] In the preferred embodiment, the bioptical laser scanning system comprises: a housing having a horizontal
housing section integrally connected to a vertical housing section; a horizontal-scanning window provided in the horizontal
housing section; a vertical-scanning window provided in the vertical housing section, and being substantially orthogonal
to the horizontal-scanning window; a first plurality of laser beam folding mirrors disposed within the horizontal housing
section; a second plurality of laser beam folding mirrors disposed within the vertical housing section; a first laser beam
production module for producing a first laser beam, and a second laser beam production module for producing a second
laser beam; a first polygonal scanning element disposed within the horizontal housing section and having multiple
reflective surfaces rotating about a first axis of rotation, for scanning the first laser beam and producing a first laser
scanning beam that reflects off the first plurality of laser beam folding mirrors to generate and project a first plurality of
laser scanning planes through the horizontal-scanning window, and a second polygonal scanning element disposed
within the vertical housing section and having multiple reflective surfaces rotating about a second axis of rotation, for
scanning the second laser beam and producing a second laser scanning beam that reflects off the second plurality of
laser beam folding mirrors to generate and project a second plurality of laser scanning planes through the vertical-
scanning window. The first and second pluralities of laser scanning planes intersect within predetermined scan regions
contained within a 3-D scanning volume defined between the horizontal-scanning window and vertical-scanning window,
and generate a plurality of groups of quasi-orthogonal laser scanning planes within the 3-D scanning volume. The plurality
of groups of quasi-orthogonal laser scanning planes form a complex omni-directional 3-D laser scanning pattern within
the 3-D scanning volume capable of scanning a bar code symbol located on any surface of an object presented within
the 3-D scanning volume at any orientation and from any direction at the POS station.
[0056] In the illustrative embodiment the height dimension of the horizontal housing section is less than about 4.5
inches for installation of the horizontal housing section within a countertop surface at the POS. Over 60 different laser
scanning planes cooperating within the 3-D scanning volume to generate the complex omni-directional 3-D laser scanning
pattern.
[0057] Each group of quasi-orthogonal laser scanning planes comprises (i) a plurality of substantially-vertical laser
scanning planes for reading bar code symbols having bar code elements (i.e., ladder type bar code symbols) that are
oriented substantially horizontal with respect to the horizontal-scanning window, and (ii) a plurality of substantially-
horizontal laser scanning plane for reading bar code symbols having bar code elements (i.e., picket-fence type bar code
symbols) that are oriented substantially vertical with respect to the horizontal-scanning window.
[0058] In the illustrative embodiment, the first laser beam production module comprises a first visible laser diode (VLD),
and the second laser beam production module comprises a second visible laser diode (VLD). The first plurality of laser
beam folding mirrors and the first laser beam production module cooperate with first and second light collecting/focusing
optical elements and first and second photodetectors disposed within the horizontal housing section so as to form first
and second scanning stations disposed about the first polygonal scanning element. The light collecting/focusing optical
element within each the laser scanning station collects light from predetermined scan regions within the 3-D scanning
volume and focuses such collected light onto the photodetector to produce an electrical signal having an amplitude
proportional to the intensity of light focused thereon, and the electrical signal is supplied to analog/digital signal processing
circuitry for processing analog and digital scan data signals derived therefrom to perform bar code symbol reading
operations. The second plurality of laser beam folding mirrors and the second laser beam production module cooperate
with a third light collecting/focusing optical element and a third photodetector disposed within the vertical housing section
so as to form third scanning station disposed about the second polygonal scanning element. The light collecting/focusing
optical element within the third laser scanning station collects light from predetermined scan regions within the 3-D
scanning volume and focuses such collected light onto the photodetector to produce an electrical signal having an
amplitude proportional to the intensity of light focused thereon, and the electrical signal is supplied to analog/digital signal
processing circuitry for processing analog and digital scan data signals derived therefrom to perform bar code symbol
reading operations.
[0059] In the illustrative embodiment, the first polygonal scanning element comprises a first polygonal scanning mirror
having a first plurality of rotating mirror facets, and wherein the polygonal scanning element comprises a second polygonal
scanning mirror having a second plurality of rotating mirror facets. The second plurality of rotating mirror facets on the
second polygonal scanning mirror are classifiable into a first class of facets having High Elevation (HE) angle charac-
teristics, and a second class of facets having Low Elevation (LE) angle characteristics. The high and low elevation angle
characteristics are referenced by a plane P1 that contains the incoming laser beam and is normal to the rotational axis
of the second polygonal scanning mirror. Each facet in the first class of facets, having high beam elevation angle
characteristics, produces an outgoing laser beam that is directed above the plane P1 as the facet sweeps across the
point of incidence of the third laser scanning station. Each facet in the second class of facets, having low beam elevation
angle characteristics, produces an outgoing laser beam that is directed below the plane P1 as the facet sweeps across
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the point of incidence of the third laser scanning station.
[0060] The complex omni-directional 3-D laser scanning pattern of the present invention is generated from the hori-
zontal-scanning window and the vertical-scanning window during each revolution of the first and second polygonal
scanning mirrors. During each revolution of the first polygonal scanning mirror, a first group of laser scanning planes
are produced by the first and second laser scanning stations. Concurrently therewith, during each revolution of the
second polygonal scanning mirror, second and third groups of laser scanning planes are produced by the third laser
scanning station.
[0061] Another object of the present invention is to provide an improved laser scanning system, wherein scan data
signals produced therewithin are processed so that the effects of thermal and paper noise encountered within the system
are significantly mitigated.
[0062] Another object of the present invention is to provide an improved laser scanning system having a scan data
signal processor with improved dynamic range.
[0063] Another object of the present invention is to provide an improved laser scanning system having a multi-path
scan data signal processor that employs different operational characteristics (such as different filter cutoff frequencies,
peak thresholds, etc) in distinct signal processing paths.
[0064] Another object of the present invention is to provide an improved laser scanning system having a multi-path
scan data signal processor that concurrently performs distinct signal processing operations that employ different oper-
ational characteristics (such as different filter cutoff frequencies, peak thresholds, etc).
[0065] Another object of the present invention is to provide an improved laser scanning system employing a scan data
signal processor having a plurality of processing paths each processing the same data signal derived from the output
of a photodetector to detect bar code symbols therein and generate data representing said bar code symbols, wherein
the plurality of processing paths have different operational characteristics (such as different filter cutoff frequencies,
peak thresholds, etc).
[0066] A further object of the present invention is to provide such an improved laser scanning system wherein each
signal processing path includes a peak detector that identifies time periods during which a first derivative signal exceeds
at least one threshold level, and wherein the at least one threshold level for one of the respective paths is different than
the at least one threshold level for another of the respective paths.
[0067] A further object of the present invention is to provide such an improved laser scanning system wherein each
signal processing path performs low pass filtering, wherein the cut-off frequency of such low pass filtering for one of the
respective paths is different than the cut-off frequency of such low pass filtering for another of the respective paths.
[0068] A further object of the present invention is to provide such an improved laser scanning system wherein each
signal processing path performs voltage amplification, wherein the gain of such voltage amplification for one of the
respective paths is different than the gain of such voltage amplification for another of the respective paths.
[0069] Another object of the present invention is to provide an improved laser scanning system employing a scan data
signal processor with dynamic peak threshold levels.
[0070] Another object of the present invention is to provide an improved laser scanning system employing a scan data
signal processor with multiple signal processing paths that perform analog signal processing functions with analog
circuitry.
[0071] Another object of the present invention is to provide an improved laser scanning system employing a scan data
signal processor with multiple signal processing paths that perform digital signal processing functions with digital signal
processing circuitry.
[0072] A further object of the present invention is to provide such a laser scanning system, wherein each processing
path is performed sequentially based on real-time status of a working buffer that stores data values for digital signal
processing.
[0073] These and other Objects of the Present Invention will become apparent hereinafter and in the Claims to Invention.

BRIEF DESCRIPTION OF THE DRAWING

[0074] In order to more fully understand the Objects of the Present Invention, the following Detailed Description of the
Illustrative Embodiments should be read in conjunction with the accompanying Figure Drawings in which:

Fig. 1A is a perspective view of an illustrative embodiment of the bioptical laser scanning system of the present
invention, showing its bottom-scanning and side-scanning windows formed with its compact scanner housing.

Fig. 1B is a side view of the bioptical laser scanning system of Fig. 1A.

Fig. 1C is a side view of the bioptical laser scanning system of Figs. 1A and 1B with an integrated weigh scale for
use in a Point-Of-Sale (POS) retail environment as shown in Fig. 1H.
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Fig. 1D is a front view of the bioptical laser scanning system with integrated weigh scale of Fig. 1C.

Fig. 1E is a top view of the bioptical laser scanning system with integrated weigh scale of Fig. 1C.

Fig. 1F and 1G are perspective views of a model of the bioptical laser scanning system with integrated weigh scale
of Fig. 1C.

Fig. 1H is a perspective view of the bioptical laser scanning system of the present invention shown installed in a
Point-Of-Sale (POS) retail environment.

Fig. 1I is a perspective view of the bioptical laser scanning system of the present invention shown installed above
a work surface (e.g. a conveyor belt structure) employed, for example, in manual sortation operations or the like.

Fig. 1J is a pictorial illustration depicting a normal of a surface and the "flip-normal" of the surface as used herein.

Fig. 1K is a pictorial illustration depicting bottom-facing, top-facing, back-facing, front-facing, left-facing and right-
facing surfaces of a rectangular shaped article oriented within the scanning volume of the bioptical laser scanning
system of the present invention disposed between the bottom-scanning and side-scanning windows of the system.

Fig. 2A is a perspective view of a wire frame model of portions of the horizontal section of the bioptical laser scanning
system of the illustrative embodiment of the present invention, including the bottom-scanning window (e.g., horizontal
window), first rotating polygonal mirror PM1, and the first and second scanning stations HST1 and HST2 disposed
thereabout, wherein each laser scanning station includes a set of laser beam folding mirrors disposed about the
first rotating polygon PM1.

Fig. 2B is a top view of the wire frame model of Fig. 2A.

Fig. 2C1 is a perspective view of a wire frame model of portions of the horizontal section of the bioptical laser
scanning system of the illustrative embodiment of the present invention, including the bottom-scanning window (e.g.,
horizontal window), first rotating polygonal mirror PM1, and the first and second scanning stations HST1 and HST2
disposed thereabout, wherein each laser scanning station includes a light collecting/focusing optical element (labeled
LCHST1 and LCHST2) that collects light from a scan region that encompasses the outgoing scanning planes and
focuses such collected light onto a photodetector (labeled PDHST1 and PDHST2), which produces an electrical signal
whose amplitude is proportional to the intensity of light focused thereon. The electrical signal produced by the
photodetector is supplied to analog/digital signal processing circuitry, associated with the first and second laser
scanning station HST1 and HST2, that process analog and digital scan data signals derived therefrom to perform
bar code symbol reading operations. Preferably, the first and second laser scanning stations HST1 and HST2 each
include a laser beam production module (not shown) that generates a laser scanning beam (labeled SB1 and SB2)
that is directed through an aperture in the corresponding light collecting/focusing element as shown to a point of
incidence on the first rotating polygonal mirror PM1.

Fig. 2C2 is a top view of the wire frame model of Fig. 2C1.

Fig. 2D is a perspective view of a wire frame model of portions of the vertical section of the bioptical laser scanning
system of the illustrative embodiment of the present invention, including the side-scanning window (e.g., vertical
window), second rotating polygonal mirror PM2, and the third scanning station VST1 disposed thereabout; the third
laser scanning station includes a set of laser beam folding mirrors disposed about the second rotating polygon PM2.

Fig. 2E is a top view of the wire frame model of Fig. 2D.

Fig. 2F is a perspective view of a wire frame model of portions of the vertical section of the bioptical laser scanning
system of the illustrative embodiment of the present invention, including the side-scanning window (e.g., vertical
window), second rotating polygonal mirror PM2, and the third scanning stations VST1 disposed thereabout, wherein
the third laser scanning station VST1 includes a light collecting/focusing optical element (labeled LCVST1) that collects
light from a scan region that encompasses the outgoing scanning planes and focuses such collected light onto a
photodetector (labeled PDVST1), which produces an electrical signal whose amplitude is proportional to the intensity
of light focused thereon. The electrical signal produced by the photodetector is supplied to analog/digital signal
processing circuitry, associated with the first and second laser scanning station HST1 and HST2, that process
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analog and digital scan data signals derived therefrom to perform bar code symbol reading operations. Preferably,
the third laser scanning station VST1 includes a laser beam production module (not shown) that generates a laser
scanning beam SB3 that is directed to a small light directing mirror disposed in the interior of the light collecting/
focusing element LCVST1 as shown, which redirects the laser scanning beam SB3 to a point of incidence on the
second rotating polygonal mirror PM2.

Fig. 2G1 depicts the angle of each facet of the rotating polygonal mirrors PM1 and PM2 with respect to the rotational
axis of the respective rotating polygonal mirrors in the illustrative embodiment of the present invention.

Fig. 2G2 is a pictorial illustration of the scanning ray pattern produced by the four facets of the first polygonal mirror
PM1 in conjunction with the laser beam source provided by the first laser scanning station HST1 in the illustrative
embodiment of the present invention is shown in Fig. 2G2. The four facets of the first polygonal mirror PM1 in
conjunction with the laser beam source provided by the second laser scanning station HST2 produce a similar
scanning ray pattern.

Fig. 2G3 is a pictorial illustration of the scanning ray pattern produced by the four facets of the second polygonal
mirror PM2 in conjunction with the laser beam source provided by the third laser scanning station VST1 in the
illustrative embodiment of the present invention; the facets of the second polygonal mirror PM2 can be partitioned
into two classes: a first class of facets (corresponding to angles β1 and β2) have High Elevation (HE) angle charac-
teristics, and a second class of facets (corresponding to angles β3 and β4) have Low Elevation (LE) angle charac-
teristics; high and low elevation angle characteristics are referenced by the plane P1 that contains the incoming
laser beam and is normal to the rotational axis of the second polygonal mirror PM2; each facet in the first class of
facets (having high beam elevation angle characteristics) produces an outgoing laser beam that is directed above
the plane P1 as the facet sweeps across the point of incidence of the third laser scanning station VST1; whereas
each facet in the second class of facets (having low beam elevation angle characteristics) produces an outgoing
laser beam that is directed below the plane P1 as the facet sweeps across the point of incidence of the third laser
scanning station VST1.

Fig. 2H depicts the offset between the pre-specified angle of incidence of the laser beams produced by the laser
beam production modules of the laser scanning stations HST1 and HST2 and the rotational axis of the polygonal
mirror PM1 along a direction perpendicular to the rotational axis; Such offset provides for spatial overlap in the
scanning pattern of light beams produced from the polygonal mirror PM1 by these laser beam production modules;
such spatial overlap can be exploited such that the overlapping rays are incident on at least one common mirror
(mh5 in the illustrative embodiment) to provide a dense scanning pattern projecting therefrom; in the illustrative
embodiment, a dense pattern of horizontal planes (groups GH4) is projected from the front side of the bottom window
as is graphically depicted in Figs. 3F1, 3F2 and 4B1 and 4B2.

Fig. 3A illustrates the intersection of the four groups of laser scanning planes (with 20 total scanning planes in the
four groups) produced by the first laser scanning station HST1 on the bottom-scanning window 16 in the illustrative
embodiment of the present invention.

Figs. 3B1 and 3B2 graphically depict a vector-based nomenclature that may be used to define horizontal and vertical
scanning planes, respectively, that project through the bottom-scanning window 16.

Figs. 3C1 and 3C2 set forth a perspective view and top view, respectively, of a wire frame model that illustrates the
first group GH1 of laser beam folding mirrors of the first laser scanning station (HST1), which cooperate with the
four scanning facets of the first rotating polygonal mirror PM1 so as to generate four different vertical laser scanning
planes that project from the right back corner of the bottom-scanning window 16 diagonally outward and upward
above the front left side (and front left corner) of the bottom-scanning window 16 as shown.

Figs. 3D1 and 3D2 set forth a front view and top view, respectively, of a wire frame model that illustrates the second
group GH2 of laser beam folding mirrors of the first laser scanning station (HST1), which cooperate with the four
scanning facets of the first rotating polygonal mirror PM1 so as to generate four different horizontal laser scanning
planes that project from the right side of the bottom-scanning window 16 diagonally outward and upward above the
left side of the bottom-scanning window 16 as shown.

Figs. 3E1 and 3E2 set forth a perspective view and top view, respectively of a wire frame model that illustrates the
third group GH3 of laser beam folding mirrors of the first laser scanning station (HST1), which cooperate with the
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four scanning facets of the first rotating polygonal mirror PM1 so as to generate four different vertical laser scanning
planes that project from the right front corner of the bottom-scanning window 16 diagonally outward and upward
above the back left side and back left corner of the bottom-scanning window 16 as shown.

Figs. 3F1 and 3F2 set forth a front view and side view, respectively, of a wire frame model that illustrates the fourth
group GH4 of laser beam folding mirrors of the first laser scanning station (HST1), which cooperate with the four
scanning facets of the first rotating polygonal mirror PM1 so as to generate eight different horizontal laser scanning
planes that project from the front side of the bottom-scanning window 16 diagonally outward and upward above the
back side of the bottom-scanning window 16 as shown; note that the first laser scanning station HST1 utilizes mirrors
MH4 and MH5 (and not MH6) of group GH4 to produce eight different scan planes therefrom.

Fig. 4A illustrates the intersection of the four groups of laser scanning planes (with 20 total scanning planes in the
four groups) produced by the second laser scanning station HST2 on the bottom-scanning window 16 in the illustrative
embodiment of the present invention.

Figs. 4B1 and 4B2 set forth a front view and side view, respectively, of a wire frame model that illustrates the first
group (GH4) of laser beam folding mirrors of the second laser scanning station (HST2), which cooperate with the
four scanning facets of the first rotating polygonal mirror PM1 so as to generate eight different horizontal laser
scanning planes that project from the front side of the bottom-scanning window 16 diagonally outward and upward
above the back side of the bottom-scanning window 16 as shown; note that the second laser scanning station HST2
utilizes mirrors MH5 and MH6 (and not MH4) of group GH4 to produce eight different scan planes therefrom.

Figs. 4C1 and 4C2 set forth a perspective view and top view, respectively, of a wire frame model that illustrates the
second group (GH5) of laser beam folding mirrors of the second laser scanning station (HST2), which cooperate
with the four scanning facets of the first rotating polygonal mirror PM1 so as to generate four different vertical laser
scanning planes that project from the left front corner of the bottom-scanning window 16 diagonally outward and
upward above the back right side and back right corner of the bottom-scanning window 16 as shown.

Figs. 4D1 and 4D2 set forth a front view and top view, respectively, of a wire frame model that illustrates the third
group (GH6) of laser beam folding mirrors of the second laser scanning station (HST2), which cooperate with the
four scanning facets of the first rotating polygonal mirror PM1 so as to generate four different horizontal laser scanning
planes that project from the left side of the bottom-scanning window 16 diagonally outward and upward above the
right side of the bottom-scanning window 16 as shown.

Figs. 4E1 and 4E2 set forth a perspective view and top-view, respectively, of a wire frame model that illustrates the
fourth group (GH7) of laser beam folding mirrors of the second laser scanning station (HST2), which cooperate with
the four scanning facets of the first rotating polygonal mirror PM1 so as to generate four different vertical laser
scanning planes that project from the left back corner of the bottom-scanning window 16 diagonally outward and
upward above the front right side and front right corner of the bottom-scanning window 16 as shown.

Fig. 4F illustrates the vertical scanning planes that project from the bottom-scanning window 16; including 4 groups
(namely, GH1, GH3, GH5 and GH7); groups GH1 and GH5 project from opposing portions (e.g., the back-right and
front-left corners of the window 16) of the bottom-scanning window 16, and groups GH3 and GH7 project from
opposing portions (e.g., front-right and back-left corners of the window 16) of the bottom-scanning window; note
that groups GH1 and GH5 are substantially co-planar (i.e., quasi co-planar) and groups GH3 and GH7 are substan-
tially co-planar (i.e., quasi co-planar), while groups GH1 and GH5 are substantially orthogonal (i.e., quasi-orthogonal)
to groups GH3 and GH7, respectively, as shown.

Fig. 5A illustrates the intersection of the fourteen groups of laser scanning planes (with 28 total scanning planes in
the fourteen groups) produced by the third laser scanning station VST1 on the side-scanning window 18 in the
illustrative embodiment of the present invention.

Figs. 5B1 and 5B2 graphically depict a vector-based nomenclature that may be used to define horizontal and vertical
scanning planes, respectively, that project through the side-scanning window 18.

Figs. 5C1 and 5C2 set forth a front view and top view, respectively, of a wire frame model that illustrates the first
group (GV1) of laser beam folding mirrors of the third laser scanning station (VST1), which cooperate with the two
low-elevation (LE) scanning facets of the second rotating polygonal mirror PM2 (corresponding to angles β3 and β4
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of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different vertical laser scanning planes that
project from the left side of the side-scanning window 18 diagonally down and out across the bottom-scanning
window 16 above the front right corner of the bottom-scanning window 16 as shown.

Figs. 5D1 and 5D2 set forth a perspective view and side view, respectively, of a wire frame model that illustrates
the second group (GV2) of laser beam folding mirrors of the third laser scanning station (VST1), which cooperate
with the two low-elevation scanning facets of the second rotating polygonal mirror PM2 (corresponding to angles
β3 and β4 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different vertical laser scanning
planes that project from the top left corner of the side-scanning window 18 downward toward the bottom-scanning
window 16 substantially along the left side of the bottom-scanning window 16 as shown.

Figs. 5E1 and 5E2 set forth a front view and side view, respectively, of a wire frame model that illustrates the third
group (GV3) of laser beam folding mirrors of the third laser scanning station (VST1), which cooperate with the two
low-elevation scanning facets of the second rotating polygonal mirror PM2 (corresponding to angles β3 and β4 of
the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different horizontal laser scanning planes that
project from the top left quadrant of the side-scanning window 18 diagonally down across the bottom-scanning
window 16 as shown.

Figs. 5F1 and 5F2 set forth a front view and side view, respectively, of a wire frame model that illustrates the fourth
group (GV4) of laser beam folding mirrors of the third laser scanning station (VST1), which cooperate with the two
low elevation scanning facets of the second rotating polygonal mirror PM2 (corresponding to angles β3 and β4 of
the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different horizontal laser scanning planes that
project from the top right quadrant of the side-scanning window 18 diagonally down across the bottom-scanning
window 16 as shown.

Figs. 5G1 and 5G2 set forth a front view and side view, respectively, of a wire frame model that illustrates the fifth
group (GV5) of laser beam folding mirrors of the third laser scanning station (VST1), which cooperate with the two
low-elevation scanning facets of the second rotating polygonal mirror PM2 (corresponding to angles β3 and β4 of
the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different vertical laser scanning planes that
project from the top right corner of the side-scanning window 18 downward toward the bottom-scanning window 16
substantially along the right side of the bottom-scanning window 16 as shown.

Figs. 5H1 and 5H2 set forth a front view and side view, respectively, of a wire frame model that illustrates the sixth
group (GV6) of laser beam folding mirrors of the third laser scanning station (VST1), which cooperate with the two
low elevation scanning facets of the second rotating polygonal mirror PM2 (corresponding to angles β3 and β4 of
the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different vertical laser scanning planes that
project from the right side of the side-scanning window 18 diagonally out across the bottom-scanning window 16
above the front left corner of the bottom-scanning window 16 as shown.

Figs. 5I1 and 5I2 set forth a front view and side view, respectively, of a wire frame model that illustrates the seventh
group (GV7) of laser beam folding mirrors of the third laser scanning station (VST1), which cooperate with the two
high elevation scanning facets of the second rotating polygonal mirror PM2 (corresponding to angles β1 and β2 of
the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different horizontal laser scanning planes that
project from the top left quadrant of the side-scanning window 18 outwardly across the bottom-scanning window 16
(substantially parallel to the bottom-scanning window 16) as shown.

Figs. 5J1 and 5J2 set forth a front view and top view, respectively, of a wire frame model that illustrates the eighth
group (GV8) of laser beam folding mirrors of the third laser scanning station (VST1), which cooperate with the two
high elevation scanning facets of the second rotating polygonal mirror PM2 (corresponding to angles β1 and β2 of
the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different horizontal laser scanning planes that
project from the left side of the side-scanning window 18 outwardly across the bottom-scanning window 16 (sub-
stantially parallel to the bottom-scanning window 16) as shown; in the illustrative embodiment, the characteristic
direction of propagation of such scanning planes has a non-vertical component whose orientation relative to the
normal of the side-scanning window 18 is greater than 35 degrees.

Figs. 5K1 and 5K2 set forth a front view and side view, respectively, of a wire frame model that illustrates the ninth
group (GV9) of laser beam folding mirrors of the third laser scanning station (VST1), which cooperate with the two
high elevation scanning facets of the second rotating polygonal mirror PM2 (corresponding to angles β1 and β2 of
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the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different horizontal laser scanning planes that
project from the central portion of the side-scanning window 18 outwardly and downward across the bottom-scanning
window 16 as shown.

Figs. 5L1 and 5L2 set forth a front view and side view, respectively, of a wire frame model, that illustrates the tenth
group (GV10) of laser beam folding mirrors of the third laser scanning station (VST1), which cooperate with the two
high elevation scanning facets of the second rotating polygonal mirror PM2 (corresponding to angles β1 and β2 of
the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different horizontal laser scanning planes that
project from the central portion of the side-scanning window 18 outwardly and sharply downward across the bottom-
scanning window 16 as shown.

Figs. 5M1 and 5M2 set forth a front view and side view, respectively, of a wire frame model that illustrates the
eleventh group (GV11) of laser beam folding mirrors of the third laser scanning station (VST1), which cooperate
with the two high elevation scanning facets of the second rotating polygonal mirror PM2 (corresponding to angles
β1 and β2 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different horizontal laser scanning
planes that project from the central portion of the side-scanning window 18 outwardly and sharply downward across
the bottom-scanning window 16 as shown.

Figs. 5N1 and 5N2 set forth a front view and side view, respectively, of a wire frame model that illustrates the twelfth
group (GV12) of laser beam folding mirrors of the third laser scanning station (VST1), which cooperate with the two
high elevation scanning facets of the second rotating polygonal mirror PM2 (corresponding to angles β1 and β2 of
the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different horizontal laser scanning planes that
project from the central portion of the side-scanning window 18 outwardly across the bottom-scanning window 16
(substantially parallel to the bottom-scanning window 16) as shown.

Figs. 5O1 and 5O2 set forth a front view and top view, respectively, of a wire frame model that illustrates the thirteenth
group (GV 13) of laser beam folding mirrors of the third laser scanning station (VST1), which cooperate with the
two high elevation scanning facets of the second rotating polygonal mirror (corresponding to angles β1 and β2 of
the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different horizontal laser scanning planes that
project from the right side of the side-scanning window 18 outwardly across the bottom-scanning window 16 (sub-
stantially parallel to the bottom-scanning window 16) as shown; in the illustrative embodiment, the characteristic
direction of propagation of such scanning planes has a non-vertical component whose orientation relative to the
normal of the side-scanning window 18 is greater than 35 degrees.

Figs. 5P1 and 5P2 set forth a front view and side view, respectively, of a wire frame model that illustrates the
fourteenth group (GV14) of laser beam folding mirrors of the third laser scanning station (VST1), which cooperate
with the two high elevation scanning facets of the second rotating polygonal mirror PM2 (corresponding to angles
β1 and β2 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different horizontal laser scanning
planes that project from the top right quadrant of the side-scanning window 18 outwardly across the bottom-scanning
window 16 (substantially parallel to the bottom-scanning window 16) as shown.

Fig. 6 is an exemplary timing scheme for controlling the bioptical laser scanner of the illustrative embodiment to
cyclically generate a complex omni-directional 3-D laser scanning pattern from both the bottom and side-scanning
windows 16 and 18 thereof during the revolutions of the scanning polygonal mirrors PM1 and PM2; in this exemplary
timing scheme, four sets of scan plane groups (4 * [GH1...GH7]) are produced by stations HST1 and HST2 during
each revolution of the polygonal mirror PM1 concurrently with two sets of scan plane groups (2*[GV1...GV14])
produced by station VST1 during a single revolution of the polygonal mirror PM2; this complex omni-directional
scanning pattern is graphically illustrated in Figs. 3A through 5P2; the 3-D laser scanning pattern of the illustrative
embodiment consists of 68 different laser scanning planes, which cooperate in order to generate a plurality of quasi-
orthogonal laser scanning patterns within the 3-D scanning volume of the system, thereby enabling true omnidirec-
tional scanning of bar code symbols.

Fig. 7 is a functional block diagram of an illustrative embodiment of the electrical subsystem of the bioptical laser
scanning system according to the present invention, including: photodetectors (e.g. a silicon photocell) for detection
of optical scan data signals generated by the respective laser scanning stations; analog signal processing circuitry
for processing (e.g., preamplification, bandpass filtering, and A/D conversion) analog scan data signals, digitizing
circuitry for converting the digital scan data signal D2, associated with each scanned bar code symbol, into a
corresponding sequence of digital words (i.e. a sequence of digital count values) D3, and bar code symbol decoding
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circuitry that receives the digital word sequences D3 produced from the digitizing circuit, and subject it to one or
more bar code symbol decoding algorithms in order to determine which bar code symbol is indicated (i.e. represented)
by the digital word sequence D3; a programmed microprocessor 61 with a system bus and associated program and
data storage memory, for controlling the system operation of the bioptical laser scanner and performing other auxiliary
functions and for receiving bar code symbol character data (provided by the bar code symbol decoding circuitry); a
data transmission subsystem for interfacing with and transmitting symbol character data and other information to
host computer system (e.g. central computer, cash register, etc.) over a communication link therebetween; and an
input/output interface for providing drive signals to an audio-transducer and/or LED-based visual indicators used to
signal successful symbol reading operations to users and the like, for providing user input via interaction with a
keypad, and for interfacing with a plurality of accessory devices (such as an external handheld scanner, a display
device, a weigh scale, a magnetic card reader and/or a coupon printer as shown).

Figs. 8A and 8B are graphical representations of the power spectrum of an exemplary analog scan data signal
produced when laser scanning a bar code symbol within near and far focal zones of a laser scanning system, shown
plotted along with the power density spectrum of the paper/substrate noise signal produced while laser scanning
the bar code symbol on its substrate within such near and far focal zones.

Fig. 9 is a functional block diagram of an illustrative embodiment of the multi-path scan data signal processor
according to the present invention, including: signal conditioning circuitry 903 operably coupled between a photo-
detector 902 and a plurality of signal processing paths (two shown as path A and path B) that process the output
of the signal conditioning circuitry in parallel; each signal processing path includes: a first derivative signal generation
circuit 904 having a differentiator, low pass filter and amplifier therein; a second derivative signal generation circuit
906 having a differentiator therein; a first derivative signal threshold-level generation circuit 905; and a zero crossing
detector 907, data gate 908, and binary-type A/D signal conversion circuitry 909; each signal processing path has
different operational characteristics (such as different cutoff frequencies in the filtering stages of the first and second
derivative signal generation circuits of the respective paths, different gain characteristics in amplifier stages of the
first and second derivative signal generation circuits of the respective paths, and/or different positive and negative
signal thresholds in the first derivative threshold circuitry of the respective paths); the varying operational charac-
teristics of the paths provide different signal processing functions.

Figs. 10A through 10I are signal diagrams that illustrate the operation of the multi-path scan data signal processor
901 of the illustrative embodiment of Fig. 9. Figures 10A and 10B depict the signal produced at the output of the
photodetector 902 as the laser scanning beam scans across a bar code symbol; Fig. 10C depicts the output signal
produced by the signal conditioning circuitry 903; and Figs. 10D through 10I depict the processing performed in one
of the respective paths of the multi-path scan data signal processor 901; similar processing operations with different
operations characteristics are performed in other paths of the multi-path scan data signal processor 901.

Fig. 11 is a schematic diagram illustrating an exemplary embodiment of the signal conditioning circuitry 903 of Fig.
9, which operates to amplify and smooth out or otherwise filter the scan data signal produced by the photodetector
902 to remove unwanted noise components therein, including a number of subcomponents arranged in a serial
manner, namely: a high gain amplifier stage 1103, a multistage amplifier stage 1105, a differential amplifier stage
1107 and a low pass filter (LPF) stage 1109.

Fig. 12 is a schematic diagram illustrating an exemplary implementation of the first derivative signal generation
circuitry 904, which is suitable for use in the two different paths of the scan data signal processor of Fig. 9, including
a number of subcomponents arranged in a serial manner that process the analog scan data signal produced by the
signal conditioning circuitry 903, namely: a differentiator stage 1201, a low-pass filter (LPF) stage 1203, and an
amplifier stage 1205.

Fig. 13 is a schematic diagram illustrating an exemplary implementation of the second derivative signal generation
circuitry 906, which is suitable for use in the two different paths of the scan data signal processor of Fig. 9, including:
a differentiator stage 1301 that generates a signal whose voltage level is proportional to the derivative of the first
derivative signal produced by the first derivative generation circuitry 904 (thus proportional to the second derivative
of the analog scan data signal produced by the signal conditioning circuitry 903) for frequencies in a predetermined
frequency band.

Fig. 14 is a schematic diagram illustrating an exemplary implementation of the first derivative signal threshold circuitry
905, which is suitable for use in the two different paths of the scan data signal processor of Fig. 9, including: an
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amplifier stage 1401 that amplifies the voltage levels of the first derivative signal produced by the first derivative
signal generation circuitry 904, positive and negative peak detectors 1403 and 1405, and a comparator stage 1407
that generates output signals (e.g., the Upper_Threshold Signal and Lower_Threshold Signal) that indicate the time
period when the positive and negative peaks of the amplified first derivative signal produced by the amplifier stage
exceed predetermined thresholds (i.e., a positive peak level PPL and a negative peak level NPL).

Fig. 15 illustrates an exemplary implementation of a zero crossing detector 907, which is suitable for use in the two
different paths of the scan data signal processor of Fig. 9, including a comparator circuit that compares the second
derivative signal produced from the second derivative generation circuit in its respective path with a zero voltage
reference (i.e. the AC ground level) provided by the zero reference signal generator, in order to detect the occurrence
of each zero-crossing in the second derivative signal, and provide output signals (ZC_1 and ZC_2 signals) identifying
zero crossings in the second derivative signal.

Fig 16 is a schematic diagram illustrating an exemplary implementation of the data gating circuitry 908 and 1-Bit
A/D conversion circuitry 909, which is suitable for use in the two different paths of the scan data signal processor
of Fig. 9.

Fig. 17A is a functional block diagram of a system architecture suitable for a digital implementation of the scan data
signal processor of the present invention, including: signal conditioning circuitry 1703 (which amplifies and filters
the analog signal to remove unwanted noise components as described above), analog-to-digital conversion circuitry
1705 which samples the conditioned analog scan data signals at a sampling frequency at least two times the highest
frequency component expected in the analog scan data signal, in accordance with the well known Nyquist criteria,
and quantizes each time-sampled scan data signal value into a discrete signal level using a suitable length number
representation (e.g. 8 bits) to produce a discrete scan data signal; and programmed processor (e.g., a digital signal
processor 1707 and associated memory 1709 as shown) that processes the discrete signal levels to generate a
sequence of digital words (i.e. a sequence of digital count values) D3, each representing the time length associated
with the signal level transitions in the corresponding digital scan data signal as described above.

Figs. 17B through 17D are functional block diagrams that illustrate exemplary digital implementations of the multi-
path scan data processing according to the present invention, wherein digital signal processing operations are
preferably carried out on the discrete scan data signal levels generated by the A/D converter 1705 and stored in
the memory 1709 of Fig. 17A; Fig. 17B illustrates exemplary digital signal processing operations that identify a data
frame (e.g., a portion of the discrete scan data signal levels stored in memory 1709) that potentially represents a
bar code symbol (block 1723) and stores the data frame in a working buffer (block 1725); Fig. 17C illustrates
exemplary digital signal processing operations that carry out multi-path scan data signal processing according to
the present invention; and Fig. 17D illustrates alternative digital signal processing operations that carry out multi-
subpath scan data signal processing (with different first derivative threshold processing performed in each subpath)
according to the present invention.

BEST MODES FOR CARRYING OUT THE PRESENT INVENTION

[0075] Referring to the figures in the accompanying Drawings, the various illustrative embodiments of the bioptical
laser scanner of the present invention will be described in great detail.
[0076] In the illustrative embodiments, the apparatus of the present invention is realized in the form of an automatic
code symbol reading system having a high-speed bioptical laser scanning mechanism as well as a scan data processor
for decode processing scan data signals produced thereby. However, for the sake of convenience of expression, the
term "bioptical laser scanner" shall be used hereinafter to denote the bar code symbol reading system, which employs
the bioptical laser scanning mechanism of the present invention.
[0077] As shown in Figs. 1A through 1G, the bioptical laser scanner 1 of the illustrative embodiment of the present
invention has a compact housing 2 having a first housing portion 4A and a second housing portion 4B which projects
from one end of the first housing portion 4A in a substantially orthogonal manner. When the laser scanner 1 is installed
within a counter-top surface, as shown in Fig. 1H, the first housing portion 4A oriented horizontally, whereas the second
housing portion 4B is oriented vertically with respect to the POS station. Thus throughout the Specification and Claims
hereof, the terms first housing portion and horizontally-disposed housing portion may be used interchangeably but refer
to the same structure; likewise, the terms the terms second housing portion and vertically-disposed housing portion may
be used interchangeably but refer to the same structure.
[0078] In the illustrative embodiment, the first housing portion 4A (which includes the bottom-scanning window 16)
has width, length and height dimensions of 11.405, 14.678 and 3.93 inches, respectively, whereas the second housing
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portion 4B (which includes the side-scanning window 18) has width and height dimensions of 12.558 inches and 7.115
inches, respectively. The total height of the scanner housing 2 is 11.044 inches. In addition, the bottom-scanning window
16 has width and length dimensions of approximately 3.94 inches (100 mm) and 5.9 inches (150mm), respectively, to
provide a window with a square area of approximately 15,000 square mm. And, the side-scanning window 18 has width
and height dimensions of approximately 9.8 inches (248 mm) and 5.9 inches (150 mm), respectively, to provide a window
with a square area of approximately 37,200 square mm. As will be described in greater detail below, the bioptical laser
scanning mechanism housed within this ultra-compact housing produces an omni-directional laser scanning pattern
within the three-dimensional volume above the bottom-scanning window 16 and in front of the side-scanning window 18.
[0079] The omni-directional scanning pattern is capable of reading picket-fence type bar code symbols on bottom-
facing surfaces (i.e., a surface whose normal is directed toward the bottom-scanning window 16 of the scanner), top-
facing surfaces (i.e., a surface whose "flip-normal" is directed toward the bottom-scanning window 16 of the scanner),
back-facing surfaces (i.e., a surface whose normal is directed toward the side-scanning window 18 of the scanner),
front-facing surfaces (i.e., a surface whose "flip-normal" is directed toward the side-scanning window 18 of the scanner),
left-facing surfaces (i.e., a surface whose normal is directed toward or above the left side of the scanner), and right-
facing surfaces (i.e., a surface whose normal is directed toward or above the right side of the scanner). A "flip-normal"
as used above is a direction colinear to the normal of a surface yet opposite in direction to this normal as shown in Fig.
1J. An example of such bottom-facing, top-facing, back-facing, front-facing surfaces, left-facing surfaces, and right-
facing surfaces of a rectangular shaped article oriented in the scan volume of the bioptical laser scanning system disposed
between bottom-scanning and side-scanning windows of the system is illustrated in Fig. 1K.
[0080] The bioptical laser scanning system of the present invention can be used in a diverse variety of bar code symbol
scanning applications. For example, the bioptical laser scanner 1 can be installed within the countertop of a point-of-
sale (POS) station as shown in Fig. 2H. In this application, it is advantageous to integrate a weight scale with the laser
scanning mechanism. Such a device is shown in Figs. 1C and 1D including a weight transducer 35 affixed to a flange
37 mounted to the front side of the first housing portion 4A. A weigh platter 31 (upon which goods or articles to be
weighed are placed) is mechanically supported via posts (preferably disposed on its periphery) to a plastic insert 33.
The posts (not shown) and plastic insert 33 transfer the weight forces exerted by the goods or articles placed on the
weigh platter 31 to the weight transducer 35 for measurement. In addition, the plastic insert 33 supports the bottom-
scanning window 16.
[0081] As shown in Fig. 1H, the bioptical laser scanner 1 can be installed within the countertop of a point-of-sale (POS)
station 26, having a computer-based cash register 20, a weigh-scale 22 mounted within the counter adjacent the laser
scanner, and an automated transaction terminal (ATM) supported upon a courtesy stand in a conventional manner.
[0082] Alternatively, as shown in Fig. 1I, the bioptical laser scanner can be installed above a conveyor belt structure
as part of a manually-assisted parcel sorting operation being carried out, for example, during inventory control and
management operations.
[0083] As shown in Figs. 2A through 2F, the bioptical scanning system 1 of the illustrative embodiment includes two
sections: a first section (sometimes referred to as the horizontal section) disposed within the first housing portion 4A
and a second section (sometimes referred to as the vertical section) substantially disposed within the second housing
portion 4B. It should be noted that in the illustrative embodiment, parts of the vertical section are disposed within the
back of the first housing portion 4A as will become evident from the figures and accompanying description that follows.
[0084] As shown in Figs. 2A through 2C2 (and in tables I and II below), the first section includes a first rotating polygonal
mirror, and first and second scanning stations (indicated by HST1 and HST2, respectively) disposed thereabout. The
first and second laser scanning stations HST1 and HST2 each include a laser beam production module (not shown), a
set of laser beam folding mirrors, a light collecting/focusing mirror; and a photodetector. The first and second laser
scanning stations HST1 and HST2 are disposed opposite one another about the first rotating polygonal mirror PM1.
Each laser scanning station generates a laser scanning beam (shown as SB1 and SB2 in Fig. 2C1 and 2C2) that is
directed to a different point of incidence on the first rotating polygonal mirror PM1. The incident laser beams (produced
by the first and second laser scanning stations HST1 and HST2) are reflected by each facet (of the first polygonal mirror
PM1) at varying angles as the first polygonal mirror PM1 rotates to produce two scanning beams (SB1 and SB2) whose
direction varies over the rotation cycle of the first polygonal mirror PM1. The first and second laser scanning stations
HST1 and HST2 include groups of laser beam folder mirrors arranged about the first polygonal mirror PM1 so as to
redirect the two scanning beams SB1 and SB2 to thereby generate and project different groups of laser scanning planes
through the bottom-scanning window 16.

Table I - Mirror Positions - Horizontal Section (mm):

Vertex X Y Z

1 115.25 18.87 3.06
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(continued)

Vertex X Y Z

2 109.09 9.19 42.85

3 99.81 69.42 40.73

mh1 4 105.97 79.10 0.94

5

6

7

8

Vertex X Y Z

1 123.91 -78.90 2.61

2 95.43 -62.89 39.73

3 95.43 3.57 39.73

mh2 4 123.91 19.57 2.61

5

6

7

8

Vertex X Y Z

1 103.74 -140.29 25.40

2 96.02 -133.84 47.43

3 99.04 -68.09 37.13

mh3 4 114.48 -80.98 -6.92

5 112.97 -113.85 -1.78

6

7

8

Vertex X Y Z

1 62.08 -136.87 -11.25

2 66.99 -152.92 31.34

3 26.71 -165.23 31.34

mh4 4 21.80 -149.19 -11.25

5

6

7

8

1 -20.00 -135.31 -11.19
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(continued)

Vertex X Y Z

2 -20.00 -148.24 27.91

3 20.00 -148.24 27.91

mh5 4 20.00 -135.31 -11.19

5

6

7

8

Vertex X Y Z

1 -62.08 -136.87 -11.25

2 -66.99 -152.92 31.34

3 -26.71 -165.23 31.34

mh6 4 -21.80 -149.19 -11.25

5

6

7

8

Vertex X Y Z

1 -96.02 -133.84 47.43

2 -99.04 -68.09 37.13

3 -114.48 -80.98 -6.92

mh7 4 -112.97 -113.85 -1.78

5 -103.74 -140.29 25.40

6

7

8

Vertex X Y Z

1 -123.91 -78.90 2.61

2 -95.43 -62.89 39.73

3 -95.43 3.57 39.73

mh8 4 -123.91 19.57 2.61

5

6

7

8

1 -115.25 18.87 3.06
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(continued)

Vertex X Y Z

2 -109.09 9.19 42.85

3 -99.81 69.42 40.73

mh9 4 -105.97 79.10 0.94

5

6

7

8

Vertex X Y Z

1 53.69 23.10 -11.94

2 14.23 28.69 8.47

3 47.54 67.87 24.47

mh10 4 72.59 81.43 24.47

5 102.20 77.24 9.16

6 106.06 65.68 -1.17

7 83.67 39.33 -11.94

8

Vertex X Y Z

1 123.91 -79.28 2.61

2 75.02 -71.42 -10.49

3 75.02 11.97 -10.49

mh11 4 123.91 19.83 2.61

5

6

7

8

Vertex X Y Z

1 116.06 -105.01 -10.87

2 43.62 -99.13 -10.90

3 65.09 -142.38 30.61

mh12 4 101.96 -145.37 30.63

5

6

7

8

1 -101.96 -145.37 30.63



EP 1 476 270 B1

19

5

10

15

20

25

30

35

40

45

50

55

(continued)

Vertex X Y Z

2 -65.09 -142.38 30.61

3 -43.62 -99.13 -10.90

mh13 4 -116.06 -105.01 -10.87

5

6

7

8

Vertex X Y Z

1 -75.02 11.97 -10.49

2 -75.02 -71.42 -10.49

3 -123.91 -79.28 2.61

mh14 4 -123.91 19.83 2.61

5

6

7

8

Vertex X Y Z

1 -54.15 22.24 -10.80

2 -84.14 38.47 -10.80

3 -106.53 64.81 -0.04

mh15 4 -102.66 76.38 10.30

5 -73.05 80.57 25.61

6 -48.00 67.01 25.61

7 -14.70 27.83 9.60

8

Table II - Scan Line Groups - Horizontal Section

Group Identifier Mirrors in Group Scanning Station/Scan Lines Type

gh1 mh1, mh10 HST1/4 vertical

gh2 mh2, mh11 HST1/4 horizontal

gh3 mh3, mh12 HST1/4 vertical

gh4 mh4 HST1/4 horizontal
mh5 HST1,HST2/8
mh6 HST2/4

gh5 mh7, mh13 HST2/4 vertical

gh6 mh8, HST2/4 horizontal
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[0085] In addition, as shown in Figs. 2C1 and 2C2, the first and second laser scanning stations HST1 and HST2 each
include a light collecting/focusing optical element, e.g. parabolic light collecting mirror or parabolic surface emulating
volume reflection hologram (labeled LCHST1 and LCHST2) that collects light from a scan region that encompasses the
outgoing scanning planes (produced by the first and second laser scanning stations HST1 and HST2) and focuses such
collected light onto a photodetector (labeled PDHST1 and PDHST2), which produces an electrical signal whose amplitude
is proportional to the intensity of light focused thereon. The electrical signal produced by the photodetector is supplied
to analog/digital signal processing circuitry, associated with the first and second laser scanning station HST1 and HST2,
that process analog and digital scan data signals derived therefrom to perform bar code symbol reading operations.
Preferably, the first and second laser scanning stations HST1 and HST2 each include a laser beam production module
(not shown) that generates a laser scanning beam (labeled SB1 and SB2) that is directed (preferably through an aperture
in the corresponding light collecting/focusing element as shown in Figs. 2C1 and 2C2) to a point of incidence on the first
rotating polygonal mirror PM1.
[0086] As shown in Figs. 2D through 2F and in tables III and IV below, the second section includes a second rotating
polygonal mirror PM2 and a third scanning station (denoted VST1) that includes a laser beam production module (not
shown), a set of laser beam folding mirrors, a light collecting/focusing mirror, and a photodetector. The third laser scanning
station VST1 generates a laser scanning beam (labeled as SB3 in Fig. 2F) that is directed to a point of incidence on the
second rotating polygonal mirror PM2. The incident laser beam is reflected by each facet (of the second polygonal mirror
PM2) at varying angles as the second polygonal mirror PM2 rotates to produce a scanning beam whose direction varies
over the rotation cycle of the second polygonal mirror PM2. The third laser scanning station VST1 includes a set of laser
beam folder mirrors arranged about the second rotating polygonal mirror PM2 so as to redirect the scanning beam to
thereby generate and project different groups of laser scanning planes through the side-scanning window 18.

(continued)

Group Identifier Mirrors in Group Scanning Station/Scan Lines Type

mh14

gh7 mh9, mh15 HST2/4 vertical

Table III - Mirror Positions - Vertical Section (mm):

mv1 Vertex X Y Z

1 -74.79 88.94 -10.38

2 -114.09 88.94 16.17

3 -114.09 154.82 16.17

4 -74.79 154.82 -10.38

5

6

7

8

mv2 Vertex X Y Z

1 -61.12 131.03 -6.76

2 -77.92 146.42 25.78

3 -43.75 183.72 25.78

4 -33.41 174.24 5.74

5 -31.44 163.43 -6.76

6

7

8
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(continued)

mv3 Vertex X Y Z

1 -29.78 160.24 -1.35

2 -34.38 185.43 27.65

3 -0.04 184.24 27.65

4 -0.04 159.21 -1.35

5

6

7

8

mv4 Vertex X Y Z

1 0.04 159.21 -1.35

2 0.04 184.24 27.65

3 34.38 185.43 27.65

4 29.78 160.24 -1.35

5

6

7

8

mv5 Vertex X Y Z

1 61.12 131.03 -6.76

2 31.44 163.43 -6.76

3 33.41 174.24 5.74

4 43.75 183.72 25.78

5 77.92 146.42 25.78

6

7

8

mv6 Vertex X Y Z

1 74.79 88.94 -10.38

2 74.79 154.82 -10.38

3 114.09 154.82 16.17

4 114.09 88.94 16.17

5

6

7

8
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(continued)

mv7 Vertex X Y Z

1 -107.52 89.35 30.99

2 -110.94 68.34 59.03

3 -136.32 120.65 95.14

4 -132.90 141.66 67.10

5

6

7

8

mv8 Vertex X Y Z

1 -129.50 196.36 99.91

2 -139.66 144.56 68.88

3 -133.18 126.69 96.58

4 -123.02 178.48 127.62

5

6

7

8

mv9 Vertex X Y Z

1 -42.26 185.73 73.40

2 -65.99 163.92 49.03

3 -69.45 141.18 82.25

4 -45.72 162.99 106.62

5

6

7

8

mv10 Vertex X Y Z

1 0.00 190.18 78.00

2 -40.33 183.35 74.96

3 -46.98 168.27 105.79

4 0.00 176.23 109.33

5

6

7

8
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(continued)

mv11 Vertex X Y Z

1 0.00 176.23 109,33

2 46.98 168.27 105.79

3 40.33 183.35 74.96

4 0.00 190.18 78.00

5

6

7

8

mv12 Vertex X Y Z

1 42.26 185.73 73.40

2 45.72 162.99 106.62

3 69.45 141.18 82.25

4 65.99 163.92 49.03

5

6

7

8

mv13 Vertex X Y Z

1 139.66 144.56 68.88

2 129.50 196.36 99.91

3 123.02 178.48 127.62

4 133.18 126.69 96.58

5

6

7

8

mv14 Vertex X Y Z

1 132.90 141.66 67.10

2 136.32 120.65 95.14

3 110.94 68.34 59.03

4 107.52 89.35 30.99

5

6

7

8
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(continued)

mv15 Vertex X Y Z

1 -59.72 111.27 102.01

2 -38.96 95.77 87.32

3 -42.25 116.98 60.28

4 -79.46 144.76 86.61

5 -77.49 132.11 102.74

6

7

8

mv16 Vertex X Y Z

1 37.73 88.59 93.83

2 29.22 119.90 64.12

3 -29.22 119.90 64.12

4 -37.73 88.59 93.83

5

6

7

8

mv17 Vertex X Y Z

1 42.25 116.98 60.28

2 38.96 95.77 87.32

3 59.72 111.27 102.01

4 79.46 144.76 86.61

5 42.25 116.98 60.28

6

7

8

mv18 Vertex X Y Z

1 -63.87 149.13 93.46

2 -79.68 162.64 67.06

3 -100.06 208.14 102.55

4 -84.26 194.63 128.95

5

6

7

8
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(continued)

mv19 Vertex X Y Z

1 -140.43 92.77 119.03

2 -140.43 126.87 119.12

3 -136.72 174.44 128.44

4 -125.11 154.96 157.07

5 -130.41 87.14 143.79

6

7

8

mv20 Vertex X Y Z

1 63.87 149.13 93.46

2 79.68 162.64 67.06

3 100.06 208.14 102.55

4 84.26 194.63 128.95

5

6

7

8

mv21 Vertex X Y Z

1 130.41 87.14 143.79

2 125.11 154.96 157.07

3 136.72 174.44 128.44

4 140.43 126.87 119.12

5 140.43 92.77 119.03

6

7

8

mv22 Vertex X Y Z

1 -134.07 126.69 200.27

2 -103.99 134.04 208.61

3 -94.62 209.63 108.20

4 -124.70 202.28 99.86

5

6

7

8
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(continued)

mv23 Vertex X Y Z

1 94.62 209.63 108.20

2 103.99 134.04 208.61

3 134.07 126.69 200.27

4 124.70 202.28 99.86

5

6

7

8

mv24 Vertex X Y Z

1 -61.13 193.21 119.96

2 -97.12 187.87 131.32

3 -97.12 169.38 170.59

4 -19.20 152.51 206.45

5 19.20 152.51 206.45

6 97.12 169.38 170.59

7 97.12 187.87 131.32

8 61.13 193.21 119.96

mv25 Vertex X Y Z

1 -106.74 171.66 177.19

2 -83.23 85.77 217.46

3 0.00 85.77 246.33

4 0.00 150.54 222.12

5

6

7

8

mv26 Vertex X Y Z

1 0.00 150.54 222.12

2 0.00 150.54 222.12

3 83.23 85.77 217.46

4 106.74 171.66 177.19

5

6

7

8
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[0087] In addition, as shown in Fig. 2F, the third laser scanning station VST1 includes a light collecting/focusing optical
element, e.g. parabolic light collecting mirror or parabolic surface emulating volume reflection hologram (labeled LCVST1)
that collects light from a scan region that encompasses the outgoing scanning planes (produced by the third laser
scanning station VST1) and focuses such collected light onto a photodetector (labeled PDVST1), which produces an
electrical signal whose amplitude is proportional to the intensity of light focused thereon. The electrical signal produced
by the photodetector is supplied to analog/digital signal processing circuitry, associated with the third laser scanning
station VST1, that process analog and digital scan data signals derived therefrom to perform bar code symbol reading
operations. Preferably, the third laser scanning station VST1 includes a laser beam production module (not shown) that
generates a laser scanning beam SB3 that is directed to a small light directing mirror disposed in the interior of the light
collecting/focusing element LCVST1, which redirects the laser scanning beam SB3 to a point of incidence on the second
rotating polygonal mirror PM2.
[0088] In the illustrative embodiment, the first polygonal mirror PM1 includes 4 facets that are used in conjunction with
the two independent laser beam sources provided by the first and second laser scanning stations HST1 and HST2 so
as project from the bottom-scanning window an omni-directional laser scanning pattern consisting of 40 laser scanning
planes that are cyclically generated as the first polygonal mirror PM1 rotates. Moreover, the second polygonal mirror
PM2 includes 4 facets that are used in conjunction with the independent laser beam source provided by the third laser
scanning station VST1 so as to project from the side-scanning window an omni-directional laser scanning pattern con-
sisting of 28 laser scanning planes cyclically generated as the second polygonal mirror PM2 rotates. Thus, the bioptical
laser scanning system of the illustrative embodiment project from the bottom and side-scanning windows an omni-
directional laser scanning pattern consisting of 68 laser scanning planes cyclically generated as the first and second
polygonal mirrors PM1 and PM2 rotate. It is understood, however, these number may vary from embodiment to embod-
iment of the present invention and thus shall not form a limitation thereof.
[0089] Fig. 2G1 depicts the angle of each facet of the rotating polygonal mirrors PM1 and PM2 with respect to the
rotational axis of the respective rotating polygonal mirrors in this illustrative embodiment. The scanning ray pattern
produced by the four facets of the first polygonal mirror PM1 in conjunction with the laser beam source provided by the
first laser scanning station HST1 in the illustrative embodiment is shown in Fig. 2G2. The four facets of the first polygonal
mirror PM1 in conjunction with the laser beam source provided by the second laser scanning station HST2 produce a
similar scanning ray pattern. In the illustrative embodiment of the present invention, the second rotating polygonal mirror
PM2 has two different types of facets based on beam elevation angle characteristics of the facet. The scanning ray
pattern produced by the four facets of the second polygonal mirror PM2 in conjunction with the laser beam source
provided by the third laser scanning station VST1 in the illustrative embodiment is shown in Fig. 2G3. The facets of the
second polygonal mirror PM2 can be partitioned into two classes: a first class of facets (corresponding to angles β1 and

Table IV - Scan Line Groups - Vertical Section

Group Identifier Mirrors in Group Scanning Station/Scan Lines Type

gv1 mv1, mv22 VST1/4 vertical left

gv2 mv2, mv26 VST1/4 top-down vertical

gv3 mv3, mv25 VST1/4 top-down horizontal

gv4 mv4, mv26 VST1/4 top-down horizontal

gv5 mv5, mv25 VST1/4 top-down vertical

gv6 mv6, mv23 VST1/4 vertical right

gv7 mv7, mv24 VST1/4 high horizontal left

gv8 mv8, mv18,mv19 VST1/4 side horizontal left

gv9 mv9, mv17, mv24 VST1/4 low horizontal left

gv10 mv10, mv16, mv26 VST1/4 top-down horizontal

gv11 mv11, mv16, mv25 VST1/4 top-down horizontal

gv12 mv12, mv15, mv24 VST1/4 low horizontal right

gv13 mv13, mv20, mv21 VST1/4 side horizontal right

gv14 mv14, mv24 VST1/4 high horizontal right
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β2) have High Elevation (HE) angle characteristics, and a second class of facets (corresponding to angles β3 and β4)
have Low Elevation (LE) angle characteristics. As shown in Figs. 2G2, high and low elevation angle characteristics are
referenced by the plane P1 that contains the incoming laser beam and is normal to the rotational axis of the second
polygonal mirror PM2. Each facet in the first class of facets (having high beam elevation angle characteristics) produces
an outgoing laser beam that is directed above the plane P1 as the facet sweeps across the point of incidence of the
third laser scanning station VST1. Whereas each facet in the second class of facets (having low beam elevation angle
characteristics) produces an outgoing laser beam that is directed below the plane P1 as the facet sweeps across the
point of incidence of the third laser scanning station VST1. As will become apparent hereinafter, the use of scanning
facets having such diverse elevation angle characteristics enables an efficient design and construction of the second
section of the bioptical laser scanning - the plurality of beam folding mirrors used therein can be compactly arranged
within a minimized region of volumetric space. Such efficient space saving designs are advantageous in space-constricted
POS-type scanning applications.
[0090] In the illustrative embodiment of the present invention, the first laser scanning station (HST1) includes four
groups of laser beam folding mirrors (GH1, GH2, GH3, and GH4 as depicted in Table II above) which are arranged
about the first rotating polygonal mirror PM1, and cooperate with the four scanning facets of the first rotating polygonal
mirror PM1 so as to generate and project four different groups of laser scanning planes (with 20 total scanning planes
in the four groups) through the bottom-scanning window 16, as graphically illustrated in Figs. 3A - 3G. Note that the first
laser scanning station HST1 utilizes mirrors MH4 and MH5 (and not MH6) of group GH4 to produce 8 different scan
planes therefrom. The second laser scanning station (HST2) includes four groups of laser beam folding mirrors (GH4,
GH5, GH6 and GH7 as depicted in Table II) which are arranged about the first rotating polygonal mirror PM1, and
cooperate with the four scanning facets of the first rotating polygonal mirror so as to generate and project four different
groups of laser scanning planes (with 20 total scanning planes in the four groups) through the bottom-scanning window
16, as graphically illustrated in Figs. 4A - 4F. Note that the second laser scanning station HST2 utilizes mirrors MH5
and MH6 (and not MH4) of group GH4 to produce 8 different scan planes therefrom. Finally, the third laser scanning
station (VST1) includes fourteen groups of laser beam folding mirrors (GV1, GV2...GV14 as depicted in Table IV above)
which are arranged about the second rotating polygonal mirror PM2, and cooperate with the four scanning facets of the
second rotating polygonal mirror PM2 so as to generate and project fourteen different groups of laser scanning planes
(with 28 total scanning planes in the fourteen groups) through the side-scanning window 18, as graphically illustrated
in Figs. 5A - 5Q.
[0091] For purposes of illustration and conciseness of description, each laser beam folding mirror in each mirror group
as depicted in the second column of Tables II and IV, respectively, is referred to in the sequential order that the outgoing
laser beam reflects off the mirrors during the laser scanning plane generation process (e.g., the first mirror in the column
causes an outgoing laser beam to undergo its first reflection after exiting a facet of the rotating polygonal mirror, the
second mirror in the column causes the outgoing laser beam to undergo its second reflection, etc.).

First Laser Scanning Station HST1

[0092] As shown in Figs. 2A, 2B and 3A - 3F2, the first laser scanning station (HST1) includes four groups of laser
beam folding mirrors (GH1, GH2, GH3 and GH4) which are arranged about the first rotating polygonal mirror PM1, and
cooperate with the four scanning facets of the first rotating polygonal mirror PM1 so as to generate and project four
different groups of laser scanning planes (with 20 total scanning planes in the four groups) through the bottom-scanning
window 16. The intersection of the four groups of laser scanning planes (with 20 total scanning planes in the four groups)
on the bottom-scanning window 16 is shown in Fig. 3A. The twenty laser scanning planes (of these four groups projected
through the bottom-scanning window 16) can be classified as either vertical scanning planes or horizontal scanning
planes, which can be defined as follows.
[0093] As shown in Figs. 3B1 and 3B2, a scanning plane has a characteristic direction of propagation Dp and a normal
direction SPN, which define a direction O that is orthogonal thereto (e.g., O = Dp X SPN). For the sake of description,
the characteristic direction of propagation Dp of a scanning plane can be defined as the mean propagation direction for
a plurality of rays that make up the scanning plane. A horizontal scanning plane is a scanning plane wherein the angle
φ between the direction O and the plane defined by the bottom-scanning window 16 is in the range between 0 and 45
degrees (and preferably in the range between 0 and 20 degrees, and more preferably in the range between 0 and 10
degrees). An exemplary horizontal scanning plane is shown in Fig. 3B1. A vertical scanning plane is a scanning plane
wherein the angle φ between the direction O and the plane defined by the bottom-scanning window 16 is in the range
between 45 and 90 degrees (and preferably in the range between 70 and 90 degrees, and more preferably in the range
between 80 and 90 degrees). An exemplary vertical scanning plane is shown in Fig. 3B2.
[0094] Figs. 3C1 and 3C2 illustrate the first group GH1 of laser beam folding mirrors of the first laser scanning station
(HST1), which cooperate with the four scanning facets of the first rotating polygonal mirror PM1 so as to generate four
different vertical laser scanning planes that project from the right back corner of the bottom-scanning window 16 diagonally
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outward and upward above the front left side (and front left corner) of the bottom-scanning window 16 as shown. These
scanning planes are useful for reading ladder type bar code symbols disposed on bottom-, back-, and right-facing
surfaces.
[0095] Figs. 3D1 and 3D2 illustrate the second group GH2 of laser beam folding mirrors of the first laser scanning
station (HST1), which cooperate with the four scanning facets of the first rotating polygonal mirror PM1 so as to generate
four different horizontal laser scanning planes that project from the right side of the bottom-scanning window 16 diagonally
outward and upward above the left side of the bottom-scanning window 16 as shown. These scanning planes are useful
for reading picket-fence type bar code symbols disposed on bottom- and right-facing surfaces.
[0096] Figs. 3E1 and 3E2 illustrate the third group GH3 of laser beam folding mirrors of the first laser scanning station
(HST1), which cooperate with the four scanning facets of the first rotating polygonal mirror PM1 so as to generate four
different vertical laser scanning planes that project from the right front corner of the bottom-scanning window 16 diagonally
outward and upward above the back left side and back left corner of the bottom-scanning window 16 as shown. These
scanning planes are useful for reading ladder type bar code symbols disposed on bottom-, front-, and right-facing surfaces.
[0097] Figs. 3F1 and 3F2 illustrate the fourth group GH4 of laser beam folding mirrors of the first laser scanning station
(HST1), which cooperate with the four scanning facets of the first rotating polygonal mirror PM1 so as to generate eight
different horizontal laser scanning planes that project from the front side of the bottom-scanning window 16 diagonally
outward and upward above the back side of the bottom-scanning window 16 as shown. Note that the first laser scanning
station HST1 utilizes mirrors MH4 and MH5 (and not MH6) of group GH4 to produce eight different scan planes therefrom.
These scanning planes are useful for reading picket-fence type bar code symbols disposed on bottom- and front-facing
surfaces.
[0098] The position and orientation of each beam folding mirror employed at scanning station HST1 relative to a global
coordinate reference system is specified by a set of position vectors pointing from the from the origin of this global
coordinate reference system to the vertices of each such beam folding mirror element (i.e. light reflective surface patch).
The x,y,z coordinates of these vertex-specifying vectors as set forth above in Table I specify the perimetrical boundaries
of these beam folding mirrors employed in the scanning system of the illustrative embodiment.

Second Laser Scanning Station HST2

[0099] As shown in Figs. 2A, 2B and 4A - 4E2, the second laser scanning station (HST2) includes four groups of laser
beam folding mirrors (GH4, GH5, GH6, and GH7) which are arranged about the first rotating polygonal mirror PM1, and
cooperate with the four scanning facets of the first rotating polygonal mirror PM1 so as to generate and project four
different groups of laser scanning planes (with 20 total scanning planes in the four groups) through the bottom-scanning
window 16. The intersection of the four groups of laser scanning planes (with 20 total scanning planes in the four groups)
on the bottom-scanning window 16 is shown in Fig. 4A. The twenty laser scanning planes (of these four groups projected
through the bottom-scanning window 16) can be classified as either vertical scanning planes or horizontal scanning
planes as defined above.
[0100] Figs. 4B1 and 4B2 illustrate the first group (GH4) of laser beam folding mirrors of the second laser scanning
station (HST2), which cooperate with the four scanning facets of the first rotating polygonal mirror PM1 so as to generate
eight different horizontal laser scanning planes that project from the front side of the bottom-scanning window 16 diag-
onally outward and upward above the back side of the bottom-scanning window 16 as shown. Note that the second
laser scanning station HST2 utilizes mirrors MH5 and MH6 (and not MH4) of group GH4 to produce eight different scan
planes therefrom. These scanning planes are useful for reading picket-fence type bar code symbols disposed on bottom-
and front-facing surfaces.
[0101] Figs. 4C1 and 4C2 illustrate the second group (GH5) of laser beam folding mirrors of the second laser scanning
station (HST2), which cooperate with the four scanning facets of the first rotating polygonal mirror PM1 so as to generate
four different vertical laser scanning planes that project from the left front corner of the bottom-scanning window 16
diagonally outward and upward above the back right side and back right corner of the bottom-scanning window 16 as
shown. These scanning planes are useful for reading ladder type bar code symbols disposed on bottom-, front-, and
left-facing surfaces.
[0102] Figs. 4D1 and 4D2 illustrate the third group (GH6) of laser beam folding mirrors of the second laser scanning
station (HST2), which cooperate with the four scanning facets of the first rotating polygonal mirror PM1 so as to generate
four different horizontal laser scanning planes that project from the left side of the bottom-scanning window 16 diagonally
outward and upward above the right side of the bottom-scanning window 16 as shown. These scanning planes are
useful for reading picket-fence type bar code symbols disposed on bottom- and left-facing surfaces.
[0103] Figs. 4E1 and 4E2 illustrate the fourth group (GH7) of laser beam folding mirrors of the second laser scanning
station (HST2), which cooperate with the four scanning facets of the first rotating polygonal mirror PM1 so as to generate
four different vertical laser scanning planes that project from the left back corner of the bottom-scanning window 16
diagonally outward and upward above the front right side and front right corner of the bottom-scanning window 16 as
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shown. These scanning planes are useful for reading ladder type bar code symbols disposed on bottom-, back-, and
left-facing surfaces.
[0104] The position and orientation of each beam folding mirror employed at scanning station HST2 relative to a global
coordinate reference system is specified by a set of position vectors pointing from the from the origin of this global
coordinate reference system to the vertices of each such beam folding mirror element (i.e. light reflective surface patch).
The x,y,z coordinates of these vertex-specifying vectors as set forth above in Table I specify the perimetrical boundaries
of these beam folding mirrors employed in the scanning system of the illustrative embodiment.
[0105] As shown in Fig. 4F, the vertical scanning planes that project from the bottom-scanning window 16 include 4
groups (namely, GH1, GH3, GH5 and GH7). Groups GH1 and GH5 project from opposing portions (e.g., the back-right
and front-left corners of the window 16) of the bottom-scanning window 16, and groups GH3 and GH7 project from
opposing portions (e.g., front-right and back-left corners of the window 16) of the bottom-scanning window. Note that
groups GH1 and GH5 are substantially co-planar (i.e., quasi co-planar) and groups GH3 and GH7 are substantially co-
planar (i.e., quasi co-planar), while groups GH1 and GH5 are substantially orthogonal (i.e., quasi-orthogonal) to groups
GH3 and GH7, respectively, as shown.

Third Laser Scanning Station VST1

[0106] As shown in Figs. 2D, 2E and 5A-5P2, the third laser scanning station (VST1) includes fourteen groups of laser
beam folding mirrors (GV1, GV2, GV3 ... GV14) which are arranged about the second rotating polygonal mirror PM2,
and cooperate with the four scanning facets of the second rotating polygonal mirror PM2 so as to generate and project
fourteen different groups of laser scanning planes (with 28 total scanning planes in the fourteen groups) through the
side-scanning window 18. The intersection of the fourteen groups of laser scanning planes (with 28 total scanning planes
in the fourteen groups) on the side-scanning window 18 is shown in Fig. 5A. The twenty-eight laser scanning planes (of
these fourteen groups projected through the side-scanning window 18) can be classified as either vertical scanning
planes or horizontal scanning planes, which can be defined as follows.
[0107] As shown in Fig. 5B1 and 5B2, a scanning plane has a characteristic direction of propagation Dp and a normal
direction SPN, which define a direction O that is orthogonal thereto (e.g., O = Dp X SPN). A horizontal scanning plane
is a scanning plane wherein the angle φ between the direction O and the plane defined by the bottom-scanning window
16 is in the range between 0 and 45 degrees (and preferably in the range between 0 and 20 degrees, and more preferably
in the range between 0 and 10 degrees). An exemplary horizontal scanning plane projected from the side-scanning
window 18 is shown in Fig. 5B1. A vertical scanning plane is a scanning plane wherein the angle φ between the direction
O and the plane defined by the bottom-scanning window 16 is in the range between 45 and 90 degrees (and preferably
in the range between 70 and 90 degrees, and more preferably in the range between 80 and 90 degrees). An exemplary
vertical scanning plane projected from the side-scanning window 18 is shown in Fig. 5B2.
[0108] Figs. 5C1 and 5C2 illustrate the first group (GV1) of laser beam folding mirrors of the third laser scanning station
(VST1), which cooperate with the two low-elevation (LE) scanning facets of the second rotating polygonal mirror PM2
(corresponding to angles β3 and β4 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different
vertical laser scanning planes that project from the left side of the side-scanning window 18 diagonally down and out
across the bottom-scanning window 16 above the front right corner of the bottom-scanning window 16 as shown. These
scanning planes are useful for reading ladder type bar code symbols disposed on left- and back-facing surfaces.
[0109] Figs. 5D1 and 5D2 illustrate the second group (GV2) of laser beam folding mirrors of the third laser scanning
station (VST1), which cooperate with the two low-elevation scanning facets of the second rotating polygonal mirror PM2
(corresponding to angles β3 and β4 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different
vertical laser scanning planes that project from the top left corner of the side-scanning window 18 downward toward the
bottom-scanning window 16 substantially along the left side of the bottom-scanning window 16 as shown. These scanning
planes are useful for reading ladder type bar code symbols disposed on top- and back-facing surfaces.
[0110] Figs. 5E1 and 5E2 illustrate the third group (GV3) of laser beam folding mirrors of the third laser scanning
station (VST1), which cooperate with the two low-elevation scanning facets of the second rotating polygonal mirror PM2
(corresponding to angles β3 and β4 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different
horizontal laser scanning planes that project from the top left quadrant of the side-scanning window 18 diagonally down
across the bottom-scanning window 16 as shown. These scanning planes are useful for reading picket-fence type bar
code symbols disposed on back- and top-facing surfaces.
[0111] Figs. 5F1 and 5F2 illustrate the fourth group (GV4) of laser beam folding mirrors of the third laser scanning
station (VST1), which cooperate with the two low elevation scanning facets of the second rotating polygonal mirror PM2
(corresponding to angles β3 and β4 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different
horizontal laser scanning planes mat project from the top right quadrant of the side-scanning window 18 diagonally down
across the bottom-scanning window 16 as shown. These scanning planes are useful for reading picket-fence type bar
code symbols disposed on back- and top-facing surfaces.
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[0112] Figs. SG1 and 5G2 illustrate the fifth group (GV5) of laser beam folding mirrors of the third laser scanning
station (VST1), which cooperate with the two low-elevation scanning facets of the second rotating polygonal mirror PM2
(corresponding to angles β3 and β4 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different
vertical laser scanning planes that project from the top right corner of the side-scanning window 18 downward toward
the bottom-scanning window 16 substantially along the right side of the bottom-scanning window 16 as shown. These
scanning planes are useful for reading ladder type bar code symbols disposed on top- and back-facing surfaces.
[0113] Figs. 5H1 and 5H2 illustrate the sixth group (GV6) of laser beam folding mirrors of the third laser scanning
station (VST1), which cooperate with the two low elevation scanning facets of the second rotating polygonal mirror PM2
(corresponding to angles β3 and β4 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different
vertical laser scanning planes that project from the right side of the side-scanning window 18 diagonally out across the
bottom-scanning window 16 above the front left corner of the bottom-scanning window 16 as shown. These scanning
planes are useful for reading ladder type bar code symbols disposed on right- and back-facing surfaces.
[0114] Figs. 5I1 and 5I2 illustrate the seventh group (GV7) of laser beam folding mirrors of the third laser scanning
station (VST1), which cooperate with the two high elevation scanning facets of the second rotating polygonal mirror PM2
(corresponding to angles β1 and β2 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different
horizontal laser scanning planes that project from the top left quadrant of the side-scanning window 18 outwardly across
the bottom-scanning window 16 (substantially parallel to the bottom-scanning window 16) as shown. These scanning
planes are useful for reading picket-fence type bar code symbols disposed on back- and left-facing surfaces.
[0115] Figs. 5J1 and 5J2 illustrate the eight group (GV8) of laser beam folding mirrors of the third laser scanning
station (VST1), which cooperate with the two high elevation scanning facets or me second rotating polygonal mirror PM2
(corresponding to angles β1 and β2 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different
horizontal laser scanning planes that project from the left side of the side-scanning window 18 outwardly across the
bottom-scanning window 16 (substantially parallel to the bottom-scanning window 16) as shown. In the illustrative em-
bodiment, the characteristic direction of propagation of such scanning planes has a non-vertical component (i.e., com-
ponents in the plane parallel to the bottom-scanning window 16) whose orientation relative to the normal of the side-
scanning window 18 is greater than 35 degrees. These scanning planes are useful for reading picket-fence type bar
code symbols disposed on back- and left-facing surfaces (including those surfaces whose normals are substantially
offset from the normal of the side-scanning window).
[0116] Figs. 5K1 and 5K2 illustrate the ninth group (GV9) of laser beam folding mirrors of the third laser scanning
station (VST1), which cooperate with the two high elevation scanning facets of the second rotating polygonal mirror PM2
(corresponding to angles β1 and β2 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different
horizontal laser scanning planes that project from the central portion of the side-scanning window 18 outwardly and
downward across the bottom-scanning window 16 as shown. These scanning planes are useful for reading picket-fence
type bar code symbols disposed on back-facing surfaces.
[0117] Figs. 5L1 and 5L2 illustrate the tenth group (GV10) of laser beam folding mirrors of the third laser scanning
station (VST1), which cooperate with the two high elevation scanning facets of the second rotating polygonal mirror PM2
(corresponding to angles β1 and β2 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different
horizontal laser scanning planes that project from the central portion of the side-scanning window 18 outwardly and
sharply downward across the bottom-scanning window 16 as shown. These scanning planes are useful for reading
picket-fence type bar code symbols disposed on top- and back-facing surfaces.
[0118] Figs. 5M1 and 5M2 illustrate the eleventh group (GV11) of laser beam folding mirrors of the third laser scanning
station (VST1), which cooperate with the two high elevation scanning facets of the second rotating polygonal mirror PM2
(corresponding to angles β1 and β2 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different
horizontal laser scanning planes that project from the central portion of the side-scanning window 18 outwardly and
sharply downward across the bottom-scanning window 16 as shown. These scanning planes are useful for reading
picket-fence type bar code symbols disposed on top- and back-facing surfaces.
[0119] Figs. 5N1 and 5N2 illustrate the twelfth group (GV12) of laser beam folding mirrors of the third laser scanning
station (VST1), which cooperate with the two high elevation scanning facets of the second rotating polygonal mirror PM2
(corresponding to angles β1 and β2 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different
horizontal laser scanning planes that project from the central portion of the side-scanning window 18 outwardly across
the bottom-scanning window 16 (substantially parallel to the bottom-scanning window 16) as shown. These scanning
planes are useful for reading picket-fence type bar code symbols disposed on back-facing surfaces.
[0120] Figs. 5O1 and 5O2 illustrate the thirteenth group (GV 13) of laser beam folding mirrors of the third laser scanning
station (VST1), which cooperate with the two high elevation scanning facets of the second rotating polygonal mirror
(corresponding to angles β1 and β2 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different
horizontal laser scanning planes that project from the right side of the side-scanning window 18 outwardly across the
bottom-scanning window 16 (substantially parallel to the bottom-scanning window 16) as shown. In the illustrative em-
bodiment, the characteristic direction of propagation of such scanning planes has a non-vertical component (i.e., com-
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ponents in the plane parallel to the bottom-scanning window 16) whose orientation relative to the normal of the side-
scanning window 18 is greater than 35 degrees. These scanning planes are useful for reading picket-fence type bar
code symbols disposed on back- and right-facing surfaces (including those surfaces whose normals are substantially
offset from the normal of the side-scanning window).
[0121] Figs. 5P1 and 5P2 illustrate the fourteenth group (GV14) of laser beam folding mirrors of the third laser scanning
station (VST1), which cooperate with the two high elevation scanning facets of the second rotating polygonal mirror PM2
(corresponding to angles β1 and β2 of the second polygonal mirror PM2 in Fig. 2G1) so as to generate two different
horizontal laser scanning planes that project from the top right quadrant of the side-scanning window 18 outwardly across
the bottom-scanning window 16 (substantially parallel to the bottom-scanning window 16) as shown. These scanning
planes are useful for reading picket-fence type bar code symbols disposed on back- and right-facing surfaces.
[0122] The position and orientation of each beam folding mirror employed at scanning station VST1 relative to a global
coordinate reference system is specified by a set of position vectors pointing from the from the origin of this global
coordinate reference system to the vertices of each such beam folding mirror element (i.e. light reflective surface patch).
The x,y,z coordinates of these vertex-specifying vectors as set forth above in Table III specifies the perimetrical boundaries
of these beam folding mirrors employed in the scanning system of the illustrative embodiment.
[0123] In the illustrative embodiment of the present invention, the laser beam folding mirrors associated with scanning
stations HST1, HST2 and VST1 are physically supported utilizing one or more mirror support platforms, formed with the
scanner housing. Preferably, these mirror mounting support structures, as well as the components of the scanning
housing are made from a high-impact plastic using injection molding techniques well known in the art.
[0124] In the scanning system of the present invention, the principal function of each facet on the first and second
rotating polygonal mirrors PM1 and PM2 is to deflect an incident laser beam along a particular path in 3-D space in order
to generate a corresponding scanning plane within the 3-D laser scanning volume produced by the laser scanning system
hereof. Collectively, the complex of laser scanning planes produced by the plurality of facets in cooperation with the
three laser beam production modules of HST1, HST2 and VST1 creates an omni-directional scanning pattern within the
highly-defined 3-D scanning volume of the scanning system between the space occupied by the bottom and side-
scanning windows of the system. As shown in the exemplary timing scheme of Fig. 6, the bioptical laser scanner of the
illustrative embodiment cyclically generates a complex omni-directional 3-D laser scanning pattern from both the bottom
and side-scanning windows 16 and 18 thereof during the revolutions of the scanning polygonal mirrors PM1 and PM2.
In this exemplary timing scheme, four sets of scan plane groups (4 * [GH1...GH7]) are produced by stations HST1 and
HST2 during each revolution of the polygonal mirror PM1 concurrently with a two sets of scan plane groups (2*
[GV1...GV14]) produced by station VST1 during a single revolution of the polygonal mirror PM2. This complex omni-
directional scanning pattern is graphically illustrated in Figs. 3A through 5P2. The 3-D laser scanning pattern of the
illustrative embodiment consists of 68 different laser scanning planes, which cooperate in order to generate a plurality
of quasi-orthogonal laser scanning patterns within the 3-D scanning volume of the system, thereby enabling true omni-
directional scanning of bar code symbols.
[0125] In each laser scanning station (HST1, HST2, and VST1) of the illustrative embodiment, a laser beam production
module produces a laser beam that is directed at the point of incidence on the facets of the first or second rotating
polygonal mirrors at the pre-specified angle of incidence. Preferably, such laser beam production modules comprises
a visible laser diode (VLD) and possibly an aspheric collimating lens supported within the bore of a housing mounted
upon the optical bench of the module housing.
[0126] In the illustrative embodiment described above, the pre-specified angle of incidence of the laser beams produced
by the laser beam production modules of the laser scanning stations HST1 and HST2 are offset from the rotational axis
of the polygonal mirror PM1 along a direction perpendicular to the rotational axis as shown in Fig. 2H. Such offset
provides for spatial overlap in the scanning pattern of light beams produced from the polygonal mirror PM1 by these
laser beam production modules. In the illustrative embodiment, the offset between the rotational axis of the rotating
polygonal mirror PM1 and the incident directions of the scanning beams SB 1 and SB2, respectively, is approximately
5 mm. Such spatial overlap can be exploited such that the overlapping rays are incident on at least one common mirror
(mh5 in the illustrative embodiment) to provide a dense scanning pattern projecting therefrom. In the illustrative embod-
iment, a dense pattern of horizontal planes (groups GH4) is projected from the front side of the bottom window as is
graphically depicted in Figs. 3F1, 3F2 and 4B1 and 4B2.

Light Collection for the 3 Canning Stations

[0127] When a bar code symbol is scanned by any one of the laser scanning planes projected from the bottom-
scanning window16 (by either the first or second laser scanning stations HST1, HST2), or by any one of the laser
scanning planes projected from the side-scanning window 18 by the third laser scanning station VST1, the incident laser
light scanned across the object is intensity modulated by the absorptive properties of the scanned object and scattered
according to Lambert’s Law (for diffuse reflective surfaces). A portion of this laser light is reflected back along the outgoing
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ray (optical) path, off the same group of beam folding mirrors employed during the corresponding laser beam generation
process, and thereafter is incident on the same scanning facet (of the first or second rotating polygonal mirror) that
generated the corresponding scanning plane only a short time before. The scanning facet directs the returning reflected
laser light towards a light collecting optical element (e.g., parabolic mirror structure) of the respective laser scanning
station, which collects the returning light and focuses these collected light rays onto a photodetector, which may be
disposed on a planar surface beneath the respective scanning polygon (as shown in Figs. 2C1 and 2C2), or which may
be disposed on a planar surface above the respective scanning polygon (as shown in Fig. 2F). Figs. 2C1 and 2C2 depict
the light collection optical elements LCHST1 and LCHST2 , e.g., parabolic mirrors, and photodetectors PDHST1 and PDHST2
for the two laser scanning stations HST1 and HST2, respectively. Fig. 2F depicts the light collection optical elements
LCVST1, e.g., parabolic mirror, and photodetector PDVST1 for the third laser scanning station VST1. The electrical signal
produced by the photodetector for the respective laser scanning stations is supplied to analog/digital signal processing
circuitry, associated with the respective laser scanning stations, that process analog and digital scan data signals derived
therefrom to perform bar code symbol reading operations.
[0128] As shown in Figs. 1A, the bottom and side-scanning windows 16 and 18 have light transmission apertures of
substantially planar extent. In order to seal off the optical components of the scanning system from dust, moisture and
the like, the scanning windows 16 and 18, are preferably fabricated from a high impact plastic material and installed
over their corresponding light transmission apertures using a rubber gasket and conventional mounting techniques. In
the illustrative embodiment, each scanning window 16 and 18 preferably has spectrally-selective light transmission
characteristics which, in conjunction with a spectrally-selective filters installed before each photodetector within the
housing, forms a narrow-band spectral filtering subsystem that performs two different functions. The first function of the
narrow-band spectral filtering subsystem is to transmit only the optical wavelengths in the red region of the visible
spectrum in order to impart a reddish color or semi-transparent character to the scanning window. This makes the internal
optical components less visible and thus remarkably improves the external appearance of the bioptical laser scanning
system. This feature also makes the bioptical laser scanner less intimidating to customers at point-of-sale (POS) stations
where it may be used. The second function of the narrow-band spectral filtering subsystem is to transmit to the photo-
detector for detection, only the narrow band of spectral components comprising the outgoing laser beam produced by
the associated laser beam production module. Details regarding this optical filtering subsystem are disclosed in copending
Application Serial No. 08/439,224, entitled "Laser Bar Code Symbol Scanner Employing Optical Filtering With Narrow
Band-Pass Characteristics and Spatially Separated Optical Filter Elements" filed on May 11, 1995, which is incorporated
herein by reference in its entirety.

Electrical Subsystem

[0129] In the illustrative embodiment of the present invention, the bioptical laser scanning system 1 comprises a
number of system components as shown in the system diagram of Fig 7, including: photodetectors (e.g. a silicon photocell)
for detection of optical scan data signals generated by the respective laser scanning stations; analog signal processing
circuitry for processing (e.g., preamplification, bandpass filtering, and A/D conversion) analog scan data signals, digitizing
circuitry for converting the digital scan data signal D2, associated with each scanned bar code symbol, into a corresponding
sequence of digital words (i.e. a sequence of digital count values) D3, and bar code symbol decoding circuitry that
receives the digital word sequences D3 produced from the digitizing circuit, and subject it to one or more bar code symbol
decoding algorithms in order to determine which bar code symbol is indicated (i.e. represented) by the digital word
sequence D3.
[0130] As described above, during laser scanning operations, the optical scan data signal D0 focused onto the pho-
todetectors 45A 45B, and 45C is produced by light rays associated with a diffracted laser beam being scanned across
a light reflective surface (e.g. the bars and spaces of a bar code symbol) and scattering thereof, whereupon the polarization
state distribution of the scattered light rays is typically altered when the scanned surface exhibits diffuse reflective
characteristics. Thereafter, a portion of the scattered light rays are reflected along the same outgoing light ray paths
toward the facet which produced the scanned laser beam. These reflected light rays are collected by the scanning facet
and ultimately focused onto the photodetector by its parabolic light reflecting mirror. The function of each photodetector
is to detect variations in the amplitude (i.e. intensity) of optical scan data signal D0, and produce in response thereto an
electrical analog scan data signal D1 which corresponds to such intensity variations. When a photodetector with suitable
light sensitivity characteristics is used, the amplitude variations of electrical analog scan data signal D1 will linearly
correspond to light reflection characteristics of the scanned surface (e.g. the scanned bar code symbol). The function
of the analog signal processing circuitry is to amplify and band-pass filter the electrical analog scan data signal D1, in
order to improve the SNR of the analog signal, and convert the analog signal into digital form (e.g., a pulse train with
transitions between high and low logic levels). In practice, this analog to digital conversion is a thresholding function
which converts the electrical analog scan data signal D1 into a corresponding digital scan data signal D2 having first and
second (i.e. binary) signal levels which correspond to the bars and spaces of the bar code symbol being scanned. Thus,
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the digital scan data signal D2 appears as a pulse-width modulated type signal as the first and second signal levels vary
in proportion to the width of bars and spaces in the scanned bar code symbol.
[0131] The digitizing circuitry converts the digital scan data signal D2, associated with each scanned bar code symbol,
into a corresponding sequence of digital words (i.e. a sequence of digital count values) D3. Notably, in the digital word
sequence D3, each digital word represents the time length associated with each first or second signal level in the
corresponding digital scan data signal D2. Preferably, these digital count values are in a suitable digital format for use
in carrying out various symbol decoding operations which, like the scanning pattern and volume of the present invention,
will be determined primarily by the particular scanning application at hand. Reference is made to U.S. Patent No.
5,343,027 to Knowles, incorporated herein by reference, as it provides technical details regarding the design and con-
struction of microelectronic digitizing circuits suitable for use in the laser scanner of the present invention.
[0132] The bar code symbol decoding circuitry receive each digital word sequence D3 produced from the digitizing
circuit, and subject it to one or more bar code symbol decoding algorithms in order to determine which bar code symbol
is indicated (i.e. represented) by the digital word sequence D3, originally derived from corresponding scan data signal
D1 detected by the photodetector associated therewith. In more general scanning applications, the function of the
programmed decode computer is to receive each digital word sequence D3 produced from the digitizing circuit, and
subject it to one or more pattern recognition algorithms (e.g. character recognition algorithms) in order to determine
which pattern is indicated by the digital word sequence D3. In bar code symbol reading applications, in which scanned
code symbols can be any one of a number of symbologies, a bar code symbol decoding algorithm with auto-discrimination
capabilities can be used in a manner known in the art.
[0133] As shown in Fig. 7, the system includes a programmed microprocessor 61 with a system bus and associated
program and data storage memory, for controlling the system operation of the bioptical laser scanner and performing
other auxiliary functions and for receiving bar code symbol character data (provided by the bar code symbol decoding
circuitry); a data transmission subsystem for interfacing with and transmitting symbol character data and other information
to host computer system (e.g. central computer, cash register, etc.) over a communication link therebetween; and an
input/output interface for providing drive signals to an audio-transducer and/or LED-based visual indicators used to signal
successful symbol reading operations to users and the like, for providing user input via interaction with a keypad, and
for interfacing with a plurality of accessory devices (such as an external handheld scanner that transmits bar code symbol
character data to the bioptical laser scanning system, a display device, a weight scale, a magnetic card reader and/or
a coupon printer as shown). In addition, the input-output interface may provide a port that enables an external handheld
scanner to transmit sequences of digital words D3 (i.e. a sequence of digital count values) generated therein to the
bioptical laser scanning system for bar code symbol decoding operations. Details of such an interface port are described
in U.S. Patent 5,686,717 to Knowles et al., commonly assigned to the assignee of the present invention, herein incor-
porated by reference in its entirety.
[0134] The communication link between the data transmission subsystem and the host system may be a wireless
data link (such as an infra-red link, Bluetooth RF link or IEEE 802.11a or 802.11b RF link) or wired serial data link (such
as keyboard wedge link - for example supporting XT-, AT- and PS/2- style keyboard protocols, an RS-232 link, USB
link, a Firewire (or IEEE 1394) link, an RS-422 link, and RS-485 link), a wired parallel data bus, or other common wired
interface links (such as an OCIA link, IBM 46XX link, Light Pen Emulation link, LTPN link). Similarly, the input/output
interface between the external handheld scanner and the bioptical laser scanning system may support a wireless data
link (such as an infra-red link, Bluetooth RF link or IEEE 802.11a or 802.11b RF link) or wired serial data link (such as
keyboard wedge link - for example supporting XT-, AT- and PS/2- style keyboard protocols, an RS-232 link, USB link,
a Firewire (or IEEE 1394) link, an RS-422 link, and RS-485 link), a wired parallel data bus, or other common wired
interface links (such as an OCIA link, IBM 46XX link, Light Pen Emulation link, LTPN link).
[0135] The microprocessor also produces motor control signals, and laser control signals during system operation.
These control signals as well as a 120 Volt, 60 Hz line voltage signal from an external power source (such as a standard
power distribution circuit) are received as input by a power regulation circuit, which produces as output, (1) laser source
enable signals to drive VLDs 153A, 153B, 153C, and 153D, respectively, and (2) motor enable signals in order to drive
the two motors (motor 1 and motor 2) that cause rotation of the first and second rotating polygonal mirrors, respectively.
[0136] In some scanning applications, where omni-directional scanning cannot be ensured at all regions within a pre-
specified scanning volume, it may be useful to use scan data produced either (i) from the same laser scanning plane
reproduced many times over a very short time duration while the code symbol is being scanned therethrough, or (ii)
from several different scanning planes spatially contiguous within a pre-specified portion of the scanning volume. In the
first instance, if the bar code symbol is moved through a partial region of the scanning volume, a number of partial scan
data signal fragments associated with the moved bar code symbol can be acquired by a particular scanning plane being
cyclically generated over an ultra-short period of time (e.g. 1-3 milliseconds), thereby providing sufficient scan data to
read the bar code symbol. In the second instance, if the bar code symbol is within the scanning volume, a number of
partial scan data signal fragments associated with the bar code symbol can be acquired by several different scanning
planes being simultaneously generated by the three laser scanning stations of the system hereof, thereby providing
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sufficient scan data to read the bar code symbol, that is, provided such scan data can be identified and collectively
gathered at a particular decode processor for symbol decoding operations.
[0137] In order to allow the bioptical scanning system of the present invention to use symbol decoding algorithms that
operate upon partial scan data signal fragments, as described above, a synchronizing signal can be used to identify a
set of digital word sequences D3, (i.e. {DS}), associated with a set of time-sequentially generated laser scanning beams
produced by a particular facet on the first and second rotating polygonal mirrors. In such applications, each set of digital
word sequences can be used to decode a partially scanned code symbol and produce symbol character data represent-
ative of the scanned code symbol. In code symbol reading applications where complete scan data signals are used to
decode scanned code symbols, the synchronizing signal described above need not be used, as the digital word sequence
D3 corresponding to the completely scanned bar code symbol is sufficient to carry out symbol decoding operations using
conventional symbol decoding algorithms known in the art.
[0138] The synchronizing signal can be derived from a position sensor (such as a hall sensor), integrated into the
rotating shaft (or other portion) of the rotating polygonal mirror, that generates an electrical signal when the rotating
polygonal mirror reaches a predetermined point (such as a start-of-scan position) in its rotation. Alternatively, such
synchronization may be derived from a position indicating optical element (e.g., mirror or lens), which is preferably
mounted adjacent (or near) the perimeter of one of the light folding mirrors, such that the position indicating optical
element is illuminated by the scanning beam when the rotating polygonal mirror reaches a predetermined point (such
as a start-of-scan position) in its rotation. The position indicating optical element may be a mirror that directs the illumination
of the scanning beam incident thereon to a position indicating optical detector (which generates an electrical signal
whose amplitude corresponds to the intensity of light incident thereon). Alternatively, the position indicating optical
element may be a light collecting lens that is operably coupled to a light guide (such as a fiber optic bundle) that directs
the illumination of the scanning beam incident thereon to a position indicating optical detector (which generates an
electrical signal whose amplitude corresponds to the intensity of light incident thereon).
[0139] As each synchronizing pulse in the synchronizing signal is synchronous with a "reference" point on the respective
rotating mirror, the symbol decoding circuitry provided with this periodic signal can readily "link up" or relate, on a real-
time basis, such partial scan data signal fragments with the particular facet on the respective rotating polygonal mirror
that generated the partial scan data fragment. By producing both a scan data signal and a synchronizing signal as
described above, the bioptical laser scanning system of the present invention can readily carry out a diverse repertoire
of symbol decoding processes which use partial scan data signal fragments during the symbol reading process.

Modifications

[0140] The bioptical laser scanning system of the present invention can be modified in various ways. For example,
more (or less) groups of beam folding mirrors can be used in each laser scanning station within the system and/or more
or less facets can be used for the rotating polygonal mirrors, Such modifications will add (or remove) scanning planes
from the system.
[0141] Also more or less laser scanning stations might be employed within the system. Such modifications might be
practiced in order to provide an omnidirectional laser scanning pattern having scanning performance characteristics
optimized for a specialized scanning application.
[0142] While the second rotating polygonal mirror of the illustrative embodiment employs facets having low and high
elevation angle characteristics, it is understood that it might be desirable in particular applications to use scanning facets
with different characteristics (such as varying angular reflection characteristics) so as to enable a compact scanner
design in a particular application.
[0143] Also, it is contemplated that each laser scanning station may not have its own laser source (e.g., VLD). More
specifically, as is well known in the scanning art, the laser light produced by a laser source (VLD) may be split into
multiple beams (with a beam splitter) and directed to multiple laser scanning stations with mirrors, a light pipe or other
light directing optical element.
[0144] While the various embodiments of the bioptical laser scanner hereof have been described in connection with
linear (1-D) bar code symbol scanning applications, it should be clear, however, that the scanning apparatus and methods
of the present invention are equally suited for scanning 2-D bar code symbols, as well as alphanumeric characters (e.g.
textual information) in optical character recognition (OCR) applications, as well as scanning graphical images in graphical
scanning arts.

Improved Scan Signal Processing

[0145] In any laser scanning system (including the various embodiments of the bioptical laser scanner described
above), the primary function of the laser scanning mechanism is to produce a laser scanning field (or volume) in which
bar code symbols can be scanned in a reliable manner. In such systems, the speed of the laser beam spot (or cross-
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section) along the extent of the scanned laser beam will vary over the depth of the scanning range of the system. The
further the laser beam spot is away from the laser scanning mechanism, the greater the laser beam spot speed with be,
based on well known principles of physics. A useful measure of such beam spot speed variation is given by the ratio of
(i) the maximum laser beam spot speed within the scanning field of the system, to (ii) the minimum laser beam spot
speed in the scanning system. Hereinafter, this spot speed variation measure shall be referred to as the "Max/Min Beam
Spot Speed Ratio" of a laser scanning system.
[0146] The substrate, usually paper, on which a bar code is printed reflects a signal of varying power when scanned
with a focused laser beam within a given focal zone in the system. The laser light energy reflected (i.e. scattered) off
the scanned code symbol is directed onto a photodetector by way of light collection and focusing optics. The photodetector
converts these optical signals into corresponding electrical signals. The signal components produced by scanning the
bar code substrate are unwanted and therefore are described as noise. Since the substrate is usually paper, consisting
of fibers having a random spatial structure, such unwanted noise signals are commonly referred to as paper or substrate
noise. A signal derived from the output of the photodetector (in analog or digital form) is referred to as a scan data signal
Sanalog comprising the desired bar code signal component as well as the paper noise components.
[0147] As a bar code is scanned within a focal zone disposed further away from the scanner, the scan data signal is
increasingly compressed on the time-domain by virtue of the fact that the laser beam speed increases as a function of
distance away from the laser scanning mechanism. In accordance with Fourier Analysis principles, compression of the
scan data signal (including its noise components) represented on the time-domain results in an increase in or shift of
power to the higher spectral components of the scan data signal represented on the frequency-domain. Thus, the
frequency spectra of the scan data signal (including its noise components) undergoes a positive frequency shift as the
corresponding bar code symbol is scanned further away from the laser scanning system. This phenomenon is graphically
illustrated in the analog scan data signal of Figs. 8A and 8B.
[0148] When scanning bar code symbols in a multi-focal zone laser scanning system, filters and signal thresholding
devices are useful for rejecting noise components in the scan data signal. However, such devices also limit the scan
resolution of the system, potentially rendering the system incapable of reading low contrast and high resolution bar code
symbols on surfaces placed in the scanning field. Thus, it is imperative that the bandwidth of the system be sufficient to
support the spectral components of scan data signals at different focal zones of the system and to support the scanning
of the desired resolution of bar code symbols on surfaces placed in the scanning field.
[0149] In accordance with teachings of the present invention, a laser scanning system (such as the bioptical laser
scanning system of the present invention as described above) includes a multi-path scan data signal processor having
multiple signal processing paths. Each signal processing path processes the same data signal (which is derived from
the output of a photodetector) to detect bar code symbols therein and generate data representing the bar code symbols.
And each signal processing path has different operational characteristics (such as low-pass filter cutoff frequencies,
amplifier gain characteristics, and/or positive and negative signal thresholds). The varying operational characteristics of
the paths are optimized to provide different signal processing functions (e.g., minimize paper noise, or maximize the
scan resolution of the system). The data signal derived from laser scanning is supplied to each path of the multi-path
scan data processor, where it is processed (preferably in parallel) to identify signal level transitions therein. A digital
scan data signal that encodes such signal level transitions is provided to digitizing circuitry, which converts the digital
scan data signal into a corresponding sequence of digital words (i.e. a sequence of digital count values) suitable for bar
code symbol decoding as described above.
[0150] By virtue of the present invention, it is now possible to identify signal level transitions in the scan data signal
over a diverse range of operating conditions (e.g., operating conditions where paper noise is present in addition to
operating conditions requiring high resolution scanning, such as the reading of low contrast or high resolution bar code
symbols), which enables more reliable bar code reading over such diverse operating conditions. These and other ad-
vantages of the present invention will become apparent hereinafter.

Analog Scan Data Signal Processor Of The Illustrative Embodiment Of The Present Invention

[0151] As shown in Fig. 9, a multi-path scan data signal processor 901 according to the present invention comprises
a number of subcomponents, namely: signal conditioning circuitry 903 operably coupled between a photodetector 902
and a plurality of signal processing paths (two shown as path A and path B) that process the output of the signal
conditioning circuitry in parallel. Each signal processing path includes: a first derivative signal generation circuit 904
having a differentiator, low pass filter and amplifier therein; a second derivative signal generation circuit 906 having a
differentiator therein; a first derivative signal threshold-level generation circuit 905; and a zero crossing detector 907,
data gate 908, and binary-type A/D signal conversion circuitry 909.
[0152] The signal conditioning circuitry 903 operates to smooth out or otherwise filter the scan data signal produced
by the photodetector 902 to remove unwanted noise components therein, and possibly amplify such signal. An illustrative
implementation of such signal conditioning circuitry is described below with respect to Fig. 11. The output of the signal
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conditioning circuitry 903 is provided to the plurality of signal processing paths (two shown as path A and path B) that
process the output of the signal conditioning circuitry 903 in parallel.
[0153] The first derivative signal generation circuitry 904 in each respective path (labeled 904-A and 904-B in as
shown) includes a differentiator, low pass filter and amplifier that generate a signal approximating the first derivative of
the analog scan data signal (with unwanted noise components removed). The low pass filter may be implemented with
passive elements (such as resistors, capacitors and inductors) or may be implemented with active elements (such as
an operational amplifier). Preferably, the low-pass filter implements one of a Butterworth-type, Chebsychev-type, MFTD-
type, or elliptical-type low pass filtering transfer function, which are well known in the filtering art. Details of the design
of such filters is set forth in the book entitled "Electrical Filter Design Handbook," Third Edition, by A. Williams et al.,
McGraw-Hill, 1996, herein incorporated by reference in its entirety. An illustrative implementation of the first derivative
signal generation circuitry 904 for two different paths is described below with respect to Fig. 12.
[0154] The "first derivative signal" is supplied to second derivative signal generation circuit 906 and to first derivative
threshold circuitry 905 in the respective path. The second derivative signal generation circuitry in each respective path
(labeled 906-A and 906-B as shown) includes a differentiator that generates a signal approximating the second derivative
of the scan data signal (with unwanted noise components removed). An example of the second derivative signal gen-
eration circuitry is described below with respect to Fig. 13.
[0155] The "second derivative signal" is supplied to a zero crossing detector 907 that produces output signal(s) ("zero
crossing signal") identifying zero crossings in the second derivative signal. An illustrative implementation of the zero
crossing detector in each respective path (labeled 907-A and 907-B) is described below with respect to Fig 15.
[0156] The first derivative threshold circuitry in each respective path (labeled 905-A and 905-B) operates as a positive
and negative peak detector to provide output signals that indicate the approximate time periods when the positive and
negative peaks of the first derivative signal provided thereto exceed predetermined thresholds (i.e., a positive peak level
PPL and a negative peak level NPL). An illustrative implementation of such first derivative threshold circuitry 905 for the
two different paths is described below with respect to Fig. 14.
[0157] In the absence of noise, the occurrence of each second derivative zero-crossing indicates that the "first derivative
signal" is undergoing a (positive or negative) peak which corresponds to the point in the scan data signal where a signal
level transition (e.g., indicative of a transition between a space and a bar in a bar code symbol) has occurred. However,
in the real-world, noise is notorious for producing false zero-crossing detections within the second derivative zero-
crossing detection circuit. To reduce, the number of "falsely detected" zero-crossings produced by noise, data gating
circuit 908 is provided, which functions to gate to the binary-type A/D signal conversion circuitry 909, only detected
second derivative zero-crossings which occur substantially concurrent to a positive or negative peak detected in the
"first derivative signal" (as identified by the outputs signals of the first derivative threshold circuitry 905). An example of
the data gate circuitry and binary-type A/D signal conversion circuitry is described below with respect to Fig. 16.
[0158] The output of the binary-type A/D conversion circuitry 909 is a digital scan data signal D2 having first and
second (i.e. binary) signal levels which correspond to the bars and spaces of the bar code symbol being scanned. Thus,
the digital scan data signal D2 appears as a pulse-width modulated type signal as the first and second signal levels vary
in proportion to the width of bars and spaces in the scanned bar code symbol.
[0159] The digital scan data signal D2 is supplied to digitizing circuitry, which converts the digital scan data signal D2,
associated with each scanned bar code symbol, into a corresponding sequence of digital words (i.e. a sequence of
digital count values) D3. Notably, in the digital word sequence D3, each digital word represents the time length associated
with each first or second signal level in the corresponding digital scan data signal D2. Preferably, these digital count
values are in a suitable digital format for use in carrying out various symbol decoding operations which, like the scanning
pattern and volume of the present invention, will be determined primarily by the particular scanning application at hand.
Reference is made to U.S. Patent No. 5,343,027 to Knowles, incorporated herein by reference, as it provides technical
details regarding the design and construction of microelectronic digitizing circuits suitable for use in the laser scanner
of the present invention.
[0160] Bar code symbol decoding circuitry (which is typically implemented with a programmed microprocessor/micro-
controller) receive each digital word sequence D3 produced from the digitizing circuit, and subject it to one or more bar
code symbol decoding algorithms in order to determine which bar code symbol is indicated (i.e. represented) by the
digital word sequence D3, originally derived from corresponding scan data signal D1 detected by the photodetector
associated therewith.
[0161] The operation of the multi-path scan data signal processor 901 is illustrated by the signal diagrams of Figs.
10A through 10I. Figures 10A and 10B depict the signal produced at the output of the photodetector 902 as the laser
scanning beam scans across a bar code symbol. Fig. 10C depicts the output signal produced by the signal conditioning
circuitry 903. And Figs. 10D through l0I depict the processing performed in one of the respective paths of the multi-path
scan data signal processor 901. Similar processing operations with different operations characteristics are performed
in other paths of the multi-path scan data signal processor 901.
[0162] More specifically, each signal processing path has different operational characteristics (such as different cutoff
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frequencies in the filtering stages of the first and second derivative signal generation circuits of the respective paths,
different gain characteristics in amplifier stages of the first and second derivative signal generation circuits of the respective
paths, and/or different positive and negative signal thresholds in the first derivative threshold circuitry of the respective
paths). The varying operational characteristics of the paths are optimized to provide different signal processing functions.
[0163] For example, the cut-off frequencies in the filtering stages of the first and second derivative signal generation
circuits of the respective paths can vary such that different paths minimize the paper noise originating from different
focal zones of the system. Alternatively, such cut-off frequencies can vary such that one or more paths maximize the
scan resolution of the system (i.e., a path with higher cutoff frequencies may be able to detect high resolution bar code
symbols) while other paths minimize paper noise (i.e., a path with lower cutoff frequencies will reject paper noise from
a larger frequency band above the selected cutoff frequencies).
[0164] In another example, the gain characteristics in the amplifier stages of the first and second derivative signal
generation circuits of the paths and/or the positive and negative signal thresholds in the first derivative threshold circuitry
of the paths can vary such that one or more paths maximize the scan resolution of the system (i.e., a path with higher
gain and/or smaller positive and negative signal thresholds may be able to detect low bar code symbols) while other
paths minimize paper noise (i.e., a path with lower gain and/or larger positive and negative signal thresholds will reject
paper noise that falls below such thresholds).
[0165] The different signal processing functions of each path of the multi-path scan data processor as described above
are preferably performed in parallel. Alternatively, the processing along each path may be performed sequentially. In
this case, a programmable microcomputer may be programmed to dynamically activate the processing of a given path
based upon the operation of the scanner (for example, based upon the focal distance of the scanning plane from which
the scan data signal is derived, which is described in detail in U.S. Application Serial No. (108-045USA000), or based
upon results of previous scan processing of the system).
[0166] By virtue of this improved architecture, the multi-path scan data signal processor is able to identify signal level
transitions (corresponding to transitions between a space and a bar in a bar code symbol) in the scan data signal over
a diverse range of operating conditions (e.g., operating conditions where paper noise is present in addition to operating
conditions requiring high resolution scanning, such as the reading of low contrast or high resolution bar code symbols),
which enables more reliable bar code reading over such diverse operating conditions.

Signal Conditioning Circuitry

[0167] Fig. 11 illustrates an exemplary embodiment of the signal conditioning circuitry 903 of Fig. 9, which operates
to amplify and smooth out or otherwise filter the scan data signal produced by the photodetector 902 to remove unwanted
noise components therein. The circuitry 903 comprises, a number of subcomponents arranged in a serial manner,
namely: a high gain amplifier stage 1103, a multistage amplifier stage 1105, a differential amplifier stage 1107 and a
low pass filter (LPF) stage 1109. The amplifier stages 1103, 1105 and 1109 amplify the voltage of the analog scan data
signal produced by the photodetector 902 with gains of 90, 3.0 and 7.1, respectively, to provide a total gain of about
1900. The low pass filter 1109 stage operates to filter out unwanted noise in the amplified signal produced by the amplifier
stages 1103, 1105 and 1109. The 3dB cutoff frequency of the low pass filter shown (which is a maximally flat Butterworth
type filter) is approximately 780 kHz, which is designed to filter out unwanted high frequency noise (e.g., noise which
lies above the expected maximum signal frequency of 540 kHz).

The First Derivative Signal Generation Circuitry

[0168] Fig. 12 illustrates an exemplary implementation of the first derivative signal generation circuitry 904, which is
suitable for use in the two different paths of the scan data signal processor of Fig. 9. As shown in Fig. 12, the first
derivative signal generation circuitry 904 includes a number of subcomponents arranged in a serial manner that process
the analog scan data signal produced by the signal conditioning circuitry 903, namely: a differentiator stage 1201, a low-
pass filter (LPF) stage 1203, and an amplifier stage 1205.
[0169] The differentiator stage 1201 generates an signal whose voltage level is proportional to the first derivative of
the analog scan data signal for those frequencies less than the cutoff frequency of the differentiator stage 1201, which
is set by the values of R43 and C32, respectively, and can be approximated by the expression:

 which is approximately 3.226 MHz for the circuit elements shown.

[0170] The low pass filter stage 1203 operates to filter out unwanted noise in the output signal produced by the
differentiator stage 1201. The 3 dB cutoff frequency of the low pass filter shown (which is a maximally flat Butterworth
type filter) is set by the values of L5 and C36, respectively, and can be approximated by the expression:
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 which is approximately 650 kHz for the circuit elements shown.

[0171] The amplifier stage 1205 operates to amplify the voltage levels of the output signal produced by the LPF stage
for frequencies in a predetermined frequency band. More specifically, for frequencies between f1 and f2, the amplifier

produces a gain that is approximately proportional to R60/R54 (which is approximately 6.5 for the circuit elements shown)

where:  which is approximately 3 kHz for the circuit elements shown.

 which is approximately 2 MHz for the circuit elements shown.

[0172] Outside the predetermined frequency band between f1 and f2, the amplifier stage 1205 attenuates such fre-
quency components.
[0173] It should be noted that although the first derivative signal generation circuitry of the two paths (labeled 904-A
and 904-B in Figure 9) share a common function - to generate a signal approximating the first derivative of the analog
scan data signal - they may have different operational characteristics that are optimized for bar code scanning and
reading in diverse operating conditions.
[0174] For example, the cut-off frequencies in the differentiator stage 1201, the LPF stage 1203 and the amplifier
stage 1205 of the first derivative signal generation circuits of the respective paths (labeled 904-A and 904-B) can vary
(by selecting different values for the appropriate circuit elements as set forth above) such that different paths minimize
the paper noise originating from different focal zones of the system. Techniques for selecting the appropriate cutoff
frequencies that correspond to the different focal zones of the laser scanning system are described in detail in U.S.
Patent Application No. (108-04SUSA000), commonly assigned to the assignee of the present application, incorporated
by reference above in its entirety. Alternatively, such cut-off frequencies can vary such that one or more paths maximize
the scan resolution of the system (i.e., a path with higher cutoff frequencies may be able to detect high resolution bar
code symbols) while other paths minimize paper noise (i.e., a path with lower cutoff frequencies will reject paper noise
from a larger frequency band above the selected cutoff frequencies).
[0175] In another example, the gain characteristics in the amplifier stage 1205 of the first derivative signal generation
circuits of the respective paths (labeled 904-A and 904B) can vary such that one path maximizes the scan resolution of
the system (i.e., a path with higher gain may be able to detect low bar code symbols) while the other path minimize
paper noise (i.e., a path with lower gain will reject paper noise that might trigger scan errors when amplified by the high
gain path).

The Second Derivative Signal Generation Circuitry

[0176] Fig. 13 illustrate an exemplary implementation of the second derivative signal generation circuitry 906, which
is suitable for use in the two different paths of the scan data signal processor of Fig. 9. As shown in Fig. 13, the second
derivative signal generation circuitry 906 includes a differentiator stage 1301 that generates a signal whose voltage level
is proportional to the derivative of the first derivative signal produced by the first derivative generation circuitry 904 (thus
proportional to the second derivative of the analog scan data signal produced by the signal conditioning circuitry 903)
for frequencies in a predetermined frequency band. More specifically, the differentiator stage 1301 operates substantially
as a differentiator (producing a signal whose voltage level is proportional to the derivative of the first derivative signal

produced by the first derivative generation circuitry 904) for frequencies less than f1 where: 

which is approximately 884 kHz for the circuit elements shown.
Moreover, the feedback elements of the differentiator stage 1301 operate substantially as a low pass filter with a 3dB
cutoff frequency which is set by the values of R65 and C49, respectively, and can be approximated by the expression:

 which is approximately 2.15Mhz for the circuit elements shown.

For frequencies above this predetermined 3dB cutoff frequency fc, the differentiator stage 1301 attenuates such frequency

components.
[0177] It should be noted that although the second derivative signal generation circuitry of the two paths (labeled 906-
A and 906-B in Figure 9) share a common function - to generate a signal approximating the second derivative of the
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analog scan data signal - they may have different operational characteristics that are optimized for bar code scanning
and reading in diverse operating conditions.
[0178] For example, the cut-off frequencies in the differentiator stage 1301 of the second derivative signal generation
circuits of the respective paths (labeled 906-A and 906-B) can vary (by selecting different values for the appropriate
circuit elements as set forth above) such that different paths minimize the paper noise originating from different focal
zones of the system. Techniques for selecting the appropriate cutoff frequencies that correspond to the different focal
zones of the laser scanning system are described in detail in U.S. Patent Application No. (108-045USA000), commonly
assigned to the assignee of the present application, incorporated by reference above in its entirety. Alternatively, such
cut-off frequencies can vary such that one or more paths maximize the scan resolution of the system (i.e., a path with
higher cutoff frequencies may be able to detect high resolution bar code symbols) while other paths minimize paper
noise (i.e., a path with lower cutoff frequencies will reject paper noise from a larger frequency band above the selected
cutoff frequencies).

Zero Crossing Detector

[0179] Fig. 15 illustrates an exemplary implementation of a zero crossing detector 907, which is suitable for use in the
two different paths of the scan data signal processor of Fig. 9. As shown in Fig. 15, the zero-crossing detector 907
includes a comparator circuit that compares the second derivative signal produced from the second derivative generation
circuit in its respective path with a zero voltage reference (i.e. the AC ground level) provided by the zero reference signal
generator, in order to detect the occurrence of each zero-crossing in the second derivative signal, and provide output
signals (ZC_1 and ZC_2 signals) identifying zero crossings in the second derivative signal.

First Derivative Signal Threshold Level Generation Circuit

[0180] Fig. 14 illustrate exemplary implementation of the first derivative signal threshold circuitry 905, which is suitable
for use in the two different paths of the scan data signal processor of Fig. 9. As shown in Fig. 14, the first derivative
signal threshold circuitry 905 includes an amplifier stage 1401 that amplifies the voltage levels of the first derivative
signal produced by the first derivative signal generation circuitry 904, positive and negative peak detectors 1403 and
1405, and a comparator stage 1407 that generates output signals (e.g., the Upper_Threshold Signal and Lower_Thresh-
old Signal) that indicate the time period when the positive and negative peaks of the amplified first derivative signal
produced by the amplifier stage exceed predetermined thresholds (i.e., a positive peak level PPL and a negative peak
level NPL). Preferably, the positive peak level PPL and negative peak level NPL are dynamic thresholds (e.g., these
levels change as the amplified analog signal changes over time) based upon a DC bias level and a percentage (portion)
of the amplified first derivative signal produced by the amplifier stage 1401. In the illustrative embodiment shown in Fig.
14, capacitors C16 and C18 are configured as peak detectors (with a decay time constant proportional to the values of
R14/C16 and R19/C18, respectively); and the positive peak level PPL is set by the resistance values of the resistor
network R16,R17,R18 and RU_BIAS, while the negative peak level NPL is set by the values of the resistor network
R21,R22,R23 and RL_BIAS.
[0181] It should be noted that although the first derivative signal threshold circuitry of the two paths (labeled 905-A
and 905-B in Figure 9) share a common function - to generate output signals that indicate the time period when the
positive and negative peaks of the amplified first derivative signal exceed predetermined thresholds - they may have
different operational characteristics that are optimized for bar code scanning and reading in diverse operating conditions.
[0182] For example, the positive and negative peak levels in the positive and negative peak detectors 1403 and 1405,
respectively, (which are set by the resistance values of the resistor networks therein) can vary such that one path
maximizes the scan resolution of the system (i.e., a path with lower positive peak and negative peak level may be able
to detect low bar code symbols) while the other path minimize paper noise (i.e., a path with a higher positive peak and
negative peak level will reject paper noise that that falls below such thresholds.
[0183] For example, the positive and negative peak detectors 1403 and 1405 in the first derivative signal threshold
circuitry 905-A of the first path A may utilize a 91 kilo-ohm resistor for RU_BIAS and RL_BIAS of Fig. 14. Such resistor
values produce a dynamic PPL threshold which approximates 2.079 mV DC bias level plus 24% of the amplified first
derivative signal, and produce a dynamic NPL threshold which approximates a 1.921 mV DC bias level less 24% of the
amplified first derivative signal. In another example, the positive and negative peak detectors 1403 and 1405 in the first
derivative signal threshold circuitry 905-B of the second path B may utilize a 20 kilo-ohm resistor for RU_BIAS and RL_BIAS
of Fig. 14. Such resistor values produce a dynamic PPL threshold which approximates a 2.316 mV DC bias level plus
21% of the amplified first derivative signal, and produce a dynamic NPL threshold which approximates 1.684 mV DC
bias level less 21% of the amplified first derivative signal. Note that path A has "lower" positive peak and negative peak
levels - it may be able to detect high resolution bar code symbols than path B. While path B has "higher" positive peak
and negative peak levels - it will reject paper noise that might trigger scan errors in the path A).
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Data Gating Circuitry and 1-Bit A/D Conversion Circuitry

[0184] Fig 16 illustrates an exemplary implementation of the data gating circuitry 908 and 1-Bit A/D conversion circuitry
909, which is suitable for use in the two different paths of the scan data signal processor of Fig. 9. In each respective
path, the data gating circuit 908 functions to gate to the binary-type A/D signal conversion circuitry 909, only detected
second derivative zero-crossings (identified by the outputs signals ZC_1 and ZC_2 of the zero crossing detector 907 in
the respective path) which occur substantially concurrent to a positive or negative peaks detected in the "first derivative
signal" (as identified by the output signals - Upper_Threshold and Lower_Threshold - of the first derivative threshold
circuitry 905). As shown in Fig. 16, the data gate circuit 908 and the 1 bit D/A conversion circuitry 909 in each path is
realized by four NAND gates (labeled 601 through 1604) configured as a set/reset latch circuit. The operation of the
data gating circuitry and 1 bit D/A conversion circuitry of Fig. 16 is illustrated in the signal plot of Fig. 10I.
[0185] Having described illustrative embodiments of the present invention, it is understood that there a number of
alternative ways to practice the present invention. Several different modes for carrying out the present invention will be
described below.
[0186] For example, rather than using "analog-type" circuit technology for realizing the signal processing subcompo-
nents of the multi-path scan data signal processor (e.g., the differentiators, low-pass filter, amplifiers, peak detectors,
data gate, etc.), it is understood that the scan data signal processing method and apparatus of the present invention
can be implemented using digital signal processing techniques carried out either within a programmed microcomputer
or using one or more custom or commercially available digital signal processing (DSP) chips known in the digital signal
processing art.
[0187] As illustrated in Fig. 17A, when carrying out a digital implementation of the scan data signal processor of the
present invention, the analog scan data signal D1 is provided to signal conditioning circuitry 1703 (which amplifies and
filters the signal to remove unwanted noise components as described above), whose output is provided to analog-to-
digital conversion circuitry 1705. The analog-to-digital conversion circuitry 1705 samples the conditioned analog scan
data signals at a sampling frequency at least two times the highest frequency component expected in the analog scan
data signal, in accordance with the well know Nyquist criteria, and quantizes each time-sampled scan data signal value
into a discrete signal level using a suitable length number representation (e.g. 8 bits) to produce a discrete scan data
signal. A suitable quantization level can be selected in view of expected noise levels in the signal. Thereafter, the discrete
scan data signal is processed by the programmed processor (e.g., a digital signal processor 1707 and associated memory
1709 as shown) to generate a sequence of digital words (i.e. a sequence of digital count values) D3, each representing
the time length associated with the signal level transitions in the corresponding digital scan data signal as described
above. Preferably, these digital count values are in a suitable digital format for use in carrying out various symbol decoding
operations which, like the scanning pattern and volume of the present invention, will be determined primarily by the
particular scanning application at hand.
[0188] Figs. 17B through 17D illustrate exemplary digital implementations of the multi-path scan data processing
according to the present invention. The digital signal processing operations therein are preferably carried out on the
discrete scan data signal levels generated by the A/D converter 1705 and stored in the memory 1709 of Fig. 17A.
[0189] Fig. 17B illustrates exemplary digital signal processing operations that identify a data frame (e.g., a portion of
the discrete scan data signal levels stored in memory 1709) that potentially represents a bar code symbol (block 1723)
and stores the data frame in a working buffer (block 1725). Signal processing techniques that identify a data frame
(within the discrete signal levels stored in the memory 1709) that potentially represents a bar code symbol (block 1723)
are well know in the art.
[0190] Fig. 17C illustrates exemplary digital signal processing operations that carry out multi-path scan data signal
processing according to the present invention. More specifically, in block 1727, a data frame is read from the working
buffer. Preferably, the data frame read from the working buffer in block 1727 was stored therein in block 1725 of Fig.
17B. Alternatively, the data frame may be a block of the discrete scan data signals levels generated by the A/D converter
1705 and stored in memory 1709 of Fig. 17A (or discrete scan data signals derived therefrom). The data values of the
data frame are then processed by a sequence of signal processing blocks (blocks 1729,1731-1745 and 1751-1765).
[0191] In block 1729, such data values are optionally interpolated (or sub-sampled). Interpolation increases the effective
sampling rate of the system by adding data values that are derived from existing data values. Interpolation is a technique
well known in the digital signal processing arts, and is discussed in great detail in Russ, "Image Processing Handbook,"
Third Edition, IEEE Press, 1999, pg. 219-220, herein incorporated by reference in its entirety. Sub-sampling (or deci-
mation) decreases the effective sampling rate of the system. Sub-sampling is typically accomplished by averaging data
values. Sub-sampling is a technique well known in the digital signal processing arts, and is discussed in great detail in
Russ, "Image Processing Handbook," Third Edition, IEEE Press, 1999, pg. 166-174, herein incorporated by reference
in its entirety. The resulting block of data values are provided to at least two processing paths (for example, two paths
A and B as shown). The different digital signal processing functions of each path are preferably performed in parallel
(for example, by separated threads in a multi-threaded processing system or by separate processors in a multi-processor
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system). Alternatively, the processing along each path may be performed sequentially.
[0192] In each respective processing path, the block of data values are subject to a digital low pass filter (blocks 1731
and blocks 1753) that filter out unwanted noise. Such digital low-pass filters preferably implement one of a Butterworth-
type, Chebsychev-type, MFTD-type, or elliptical-type low pass filtering transfer function, which are well known in the
filtering art. Details of the design of such digital filters is set forth in the book entitled "Electrical Filter Design Handbook,"
Third Edition, by A. Williams et al. McGraw-Hill, 1996, incorporated by reference above in its entirety. The output of the
digital low pass filter (blocks 1731, 1751) is supplied to a first derivative processing function (blocks 1733, and 1753)
which differentiate the filtered digital scan data signals supplied thereto. The output of the first derivative processing
function (blocks 1733, 1753) is normalized (blocks 1734, 1754) and supplied to a first derivative thresholding function
(blocks 1739 and 1759) and a second derivative processing function (blocks 1735 and 1755).
[0193] The second derivative processing function (blocks 1735, 1755) differentiates the data supplied thereto to gen-
erate data representing the second derivative of the data values read from the working buffer. Such data is supplied to
a zero crossing detector function (blocks 1737, 1757), which produces output data ("zero crossing data") identifying zero
crossings in the second derivative data generated by the second derivative function (blocks 1735, 1755).
[0194] The first derivative thresholding function (blocks 1739, 1759) operates as a positive and negative peak detector
to provide output data that identifies time periods when the positive and negative peaks of the data supplied thereto
exceed predetermined thresholds (i.e., a positive peak level PPL and a negative peak level NPL). Preferably, the positive
peak level PPL and negative peak level NPL are dynamic thresholds (e.g., these levels change as the digital scan data
values read from the working buffer change over time) based upon a predetermined digital value and a percentage
(portion) of the corresponding normalized first derivative signal supplied thereto.
[0195] The data output of the zero crossing detector function (blocks 1737, 1757) and the first derivative thresholding
function (blocks 1739, 1759) are supplied to a data gate function (blocks 1741, 1761), which functions to output only
zero crossing data which corresponds to detected zero-crossings which occur substantially concurrent with the positive
or negative peaks detected in the normalized first derivative data (as identified by the output data of the first derivative
threshold function). Thereafter, the data output by the data gate function (which represents a discrete binary-level scan
data signal) is supplied to a bar length function (blocks 1743, 1763), which produce a digital "time" count value for each
of the first and second signal levels in the discrete binary scan data signal. Such digital count values form a sequence
of digital word D3, each representing the time length associated with the signal level transitions in the corresponding
digital scan data signal as described above. These digital words are stored in an output buffer (blocks 1745, 1765), for
supply to a programmed decoder for decoding the scan data signal and producing symbol character data string repre-
sentative of the corresponding laser-scanned bar code symbol. Alternatively, the generated discrete binary-level scan
data signal can be converted back into a continuous-type binary-level scan data signal so that it may be "digitized" using
a digital signal processor of the type taught in US Patent No. 5,828,049, incorporated herein by reference.
[0196] Each digital signal processing path has different operational characteristics (such as different cutoff frequencies
in the low pass filters (blocks 1731 and 1751) and/or different positive and negative signal thresholds in the first derivative
threshold function (blocks 1739, 1759) of the respective paths). The varying operational characteristics of the paths are
optimized to provide different digital signal processing functions.
[0197] For example, the cut-off frequencies in the low pass filters (blocks 1731 and 1751) of the respective paths can
vary such that different paths minimize the paper noise originating from different focal zones of the system. Alternatively,
such cut-off frequencies can such that vary such that one or more paths maximize the scan resolution of the system
(i.e., a path with higher cutoff frequencies may be able to detect high resolution bar code symbols) while other paths
minimize paper noise (i.e., a path with lower cutoff frequencies will reject paper noise from a larger frequency band
above the selected cutoff frequencies).
[0198] In another example, the positive and negative signal thresholds in the first derivative threshold functions (blocks
1739, 1759) of the respective paths can vary such that one or more paths maximize the scan resolution of the system
(i.e., a path with "smaller" positive and negative signal thresholds may be able to detect low contrast bar code symbols)
while other pams minimize paper noise (i.e., a path with a "larger" positive and negative signal thresholds will reject
paper noise that falls below such thresholds.
[0199] The different digital signal processing functions of each path as described above are preferably performed in
parallel (for example, by separated threads in a multi-threaded processing system or by separate processors in a multi-
processor system). Alternatively, the processing along each path may be performed sequentially. In this case, the
programmable microcomputer (e.g., digital signal processing system) may be programmed to dynamically activate the
processing of a given path based upon the operation of the scanner (for example, based upon the focal distance of the
scanning plane from which the scan data signal is derived, which is described in detail in U.S. Application Serial No.
(108-04SUSA000), or based upon results of previous scan processing of the system.
[0200] Fig. 17D illustrates alternative digital signal processing operations that carry out multi-path scan data signal
processing according to the present invention. More specifically, in block 1771, a data frame is read from the working
buffer. Preferably, the data frame read from the working buffer in block 1727 was stored therein in block 1725 of Fig.
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17B. Alternatively, the data frame may be a block of the discrete scan data signals levels generated by the A/D converter
1705 and stored in memory 1709 of Fig. 17A (or discrete scan data signals derived therefrom). In block 1773, such data
values are optionally interpolated (or sub-sampled). Interpolation increases the effective sampling rate of the system by
adding data values that are derived from existing data values.
[0201] In block 1775, the resulting block of data values are subject to a digital low pass filter that filters out unwanted
noise. Such digital low-pass filter preferably implements one of a Butterworth-type, Chebsychev-type, MFTD-type, or
elliptical-type low pass filtering transfer function, which are well known in the filtering art. Details of the design of such
digital filters is set forth in the book entitled "Electrical Filter Design Handbook," Third Edition, by A. Williams et al.
McGraw-Hill, 1996, incorporated by reference above in its entirety. The output of the digital low pass filter (block 1775)
is supplied to a first derivative processing function (block 1777) which differentiates the filtered digital scan data signals
supplied thereto. The output of the first derivative processing function (block 1777) is normalized (block 1779) and
supplied to a second derivative processing function (block 1781).
[0202] The second derivative processing function (block 1781) differentiates the data supplied thereto to generate
data representing the second derivative of the data values read from the working buffer. Such data is supplied to a zero
crossing detector function (block 1783), which produces output data ("zero crossing data") identifying zero crossings in
the second derivative data generated by the second derivative function.
[0203] The normalized output of the first derivative processing function (block 1779) is also supplied to at least one
processing sub-path (for example, sub-path A as shown). In the illustrative embodiment shown in Figure 17D, the
execution of the signal processing of the second sub-path B is contingent upon a status condition of the working buffer
(e.g., whether it has (or has not) received another full data frame. Alternatively, the different digital signal processing
functions of each sub-path may be performed in parallel (for example, by separated threads in a multi-threaded processing
system or by separate processors in a multi-processor system).
[0204] Each processing sub-path includes a first derivative thresholding function (blocks 1785, 1795), which operates
as a positive and negative peak detector to provide output data that identifies time periods when the positive and negative
peaks of the data supplied thereto exceed predetermined thresholds (i.e., a positive peak level PPL and a negative peak
level NPL). Preferably, the positive peak level PPL and negative peak level NPL are dynamic thresholds (e.g., these
levels change as the digital scan data values read from the working buffer change over time) based upon a predetermined
digital value and a percentage (portion) of the corresponding normalized first derivative signal supplied thereto.
[0205] The data output of the zero crossing detector function (block 1783) and the first derivative thresholding function
of the respective path (block 1785, 1795) are supplied to a data gate function (blocks 1787, 1797), which functions to
output only zero crossing data which corresponds to detected zero-crossings which occur substantially concurrent with
the positive or negative peaks detected in the normalized first derivative data (as identified by the output data of the first
derivative threshold function). Thereafter, the data output by the data gate function (which represents a discrete binary-
level scan data signal) is supplied to a bar length function (blocks 1789, 1798), which produce a digital "time" count
value for each of the first and second signal levels in the discrete binary scan data signal. Such digital count values form
a sequence of digital word D3, each representing the time length associated with the signal level transitions in the
corresponding digital scan data signal as described above. These digital words are stored in an output buffer (blocks
1791, 1799), for supply to a programmed decoder for decoding the scan data signal and producing symbol character
data string representative of the corresponding laser-scanned bar code symbol. Alternatively, the generated discrete
binary-level scan data signal can be converted back into a continuous-type binary-level scan data signal so that it may
be "digitized" using a digital signal processor of the type taught in US Patent No. 5,828,049, incorporated herein by
reference.
[0206] Each digital signal processing sub-path of Fig. 17D has different operational characteristics (such as different
positive and negative signal thresholds in the first derivative threshold function (blocks 1785, 1795) of the respective
sub-paths). The varying operational characteristics of the sub-paths are optimized to provide different digital signal
processing functions.
[0207] For example, the positive and negative signal thresholds in the first derivative threshold functions (blocks 1785,
1795) of the respective sub-paths can vary such that one or more sub-paths maximize the scan resolution of the system
(i.e., a sub-path with "smaller" positive and negative signal thresholds may be able to detect low bar code symbols) while
other sub-paths minimize paper noise (i.e., a sub-path with a "larger" positive and negative signal thresholds will reject
paper noise that falls below such thresholds.
[0208] Note that the illustrative embodiments set forth above provide a multi-path scan data signal processor with two
signal processing paths (or sub-paths) with different operational characteristics. It is contemplated that the multi-path
scan data signal processor of the present invention includes more than two signal processing paths (or sub-paths) with
different operational characteristics as described above.
[0209] Advantageously, the scan data signal processor of the present invention has an improved signal-to-noise ratio
(SNR) and dynamic range, which effectively increases the length of each focal zone in the system. This allows the
system designer to provide more overlap between adjacent focal zones or produce a laser scanning system with a larger
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overall depth of field. In addition, it produces a laser scanning system capable of scanning/resolving bar code symbols
having narrower element widths and/or printed on substrates whose normal vector is disposed at large angles from the
projection axis of scanning system.
[0210] Several modifications to the illustrative embodiments have been described above. It is understood, however,
that various other modifications to the illustrative embodiment of the present invention will readily occur to persons with
ordinary skill in the art. The present invention is defined by the accompanying Claims.

Claims

1. A bioptical laser scanning system providing six-sided 360-degree omni-directional bar code symbol scanning cov-
erage at a point of sale (POS) station, said bioptical laser scanning system comprising:

a horizontal section (4A) integrally connected to a vertical section (4B);
a horizontal-scanning window (16) formed in said horizontal section (4A);
a vertical-scanning window (18) formed in said vertical section (4B), and being substantially orthogonal to said
horizontal-scanning window (16);
a first laser scanning plane generation mechanism disposed within said horizontal section (4A) for generating
a first plurality of laser scanning planes (gh1, gh3, gh5, gh7) and projecting said first plurality of laser scanning
planes (gh1, gh3, gh5, gh7) through said horizontal-scanning window (16);
a second laser scanning plane generation mechanism disposed within said vertical section (4B) for generating
a second plurality of laser scanning planes (gu1...gu14) and projecting said second plurality of laser scanning
planes (gu1...gu14) through said vertical-scanning window (18); wherein
said first and second pluralities of laser scanning planes (gh1, gh3, gh5, gh7, gu1...gu14) (i) intersect within
predetermined scan regions contained within a 3-D scanning volume defined between said horizontal-scanning
and vertical-scanning windows (16, 18), and (ii) generate a plurality of groups of intersecting laser scanning
planes within said 3-D scanning volume,
wherein said plurality of groups of intersecting laser scanning planes form a complex omni-directional 3-D laser
scanning pattern within said 3-D scanning volume capable of scanning a bar code symbol located on the surface
of an object, including a six-sided rectangular box-shaped object, presented within said 3-D scanning volume
at any orientation and from any direction at said POS station so as to provide six-sided 360-degree omni-
directional bar code symbol scanning coverage at said POS station;
where at least one of said plurality of groups of intersecting laser scanning planes is projected onto each of the
six sides of a six-sided rectangular box-shaped object as said six-sided rectangular box-shaped object is passed
through said 3-D scanning volume while one side of said six-sided rectangular box-shaped object is facing said
horizontal-scanning window (16) and another side of said six-sided rectangular box-shaped object is facing
said vertical-scanning window (18), and
wherein said first laser scanning plane generation mechanism produces a first laser beam and a first polygonal
scanning element (PM1) having multiple reflective surfaces rotating about a first axis of rotation scans said first
laser beam, so as to produce a first laser scanning beam (SB1, SB2) that reflects off a first plurality of laser
beam folding mirrors (mh1....mh13) to generate and project said first plurality of laser scanning planes (gh1,
gh3, gh5, gh7, gu1...gu14) through said horizontal-scanning window (16); and
wherein said second laser scanning plane generation mechanism produces a second laser beam and a second
polygonal scanning element (PM2) having multiple reflective surfaces rotating about a second axis of rotation
scans said second laser beam, so as to produce a second laser scanning beam (SB3) that reflects off a second
plurality of laser beam folding mirrors (mvl...mv26) to generate and project said second plurality of laser scanning
planes (gu1...gu14) through said vertical-scanning window (18).

2. The bioptical laser scanning system of claim 1, wherein said first and second pluralities of laser scanning planes
(gh1 gh3, gh5, gh7, gu1...gu14) generated include quasi-orthogonal intersecting laser scanning planes within said
3-D scanning volume.

3. The bioptical laser scanning system of claim 2, wherein said six sides comprise the bottom-facing, top-facing, back-
facing, front-facing, left-facing and right-facing surfaces of said six-sided rectangular box-shaped object oriented
within said 3-D scanning volume disposed between said horizontal-scanning and vertical-scanning windows (16, 18).

4. The bioptical laser scanning system of claim 2, wherein said first laser scanning plane generation mechanism
produces a first laser beam from a first laser beam production module, and said second laser scanning plane
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generation mechanism produces a second laser beam from a second laser beam production module.

5. The bioptical laser scanning system of claim 2, wherein the height dimension of said horizontal section (4A) is less
than about 4.5 inches for installation of said horizontal section (4A) within a countertop surface at said POS station.

6. The bioptical laser scanning system of claim 2, wherein said plurality of groups of intersecting laser scanning planes
comprises over sixty different laser scanning planes cooperating within said 3-D scanning volume to generate said
complex omni-directional 3-D laser scanning pattern.

7. The bioptical laser scanning system of claim 2, wherein each said group of quasi-orthogonal intersecting laser
scanning planes comprises:

a plurality of substantially-vertical laser scanning planes for reading bar code symbols having bar code elements
that are oriented substantially parallel with respect to said horizontal-scanning window (16), and
a plurality of substantially-horizontal laser scanning planes for reading bar code symbols having bar code
elements that are oriented substantially orthogonal with respect to said horizontal-scanning window (16).

8. The bioptical laser scanning system of claim 4, wherein said first laser beam production module comprises a first
visible laser diode (VLD) (153A, 153B, 153C, 153D), and said second laser beam production module comprises a
second visible laser diode (VLD) (153A, 153B, 153C, 153D).

9. The bioptical laser scanning system of claim 4, wherein said first plurality of laser beam folding mirrors (mh1....mh13)
and said first laser beam production module cooperate with first and second light collecting/focusing optical elements
(LCHST1, LCHST2) and first and second photodetector (PDHST1, PDHST2) disposed within said horizontal section (4A)
to form first and second scanning stations (HST1, HST2) disposed about said first polygonal scanning element
(PM1), and wherein the light collecting/focusing optical element (LCHST1, LCHST2) within each said laser scanning
station (HST1, HST2) collects light from predetermined scan regions within said 3-D scanning volume and focuses
such collected light onto the photodetector (PDHST1, PDHST2) to produce an electrical signal having an amplitude
proportional to the intensity of light focused thereon, and said electrical signal being supplied to analog/digital signal
processing circuitry for processing analog and digital scan data signals derived therefrom to perform bar code symbol
reading operations.

10. The bioptical laser scanning system of claim 4, wherein said second plurality of laser beam folding mirrors
(mv1...mv26) and said second laser beam production module cooperate with a third light collecting/focusing optical
element (LCVST1) and a third photodetector (PDVST1) disposed within said vertical section (4B) to form a third
scanning station (VST1) disposed about said second polygonal scanning element (PM2), and
wherein the light collecting/focusing optical element (LCVST1) within said third laser scanning station (VST1) collects
light from predetermined scan regions within said 3-D scanning volume and focuses such collected light onto the
photodetector (PDVST1) to produce an electrical signal having an amplitude proportional to the intensity of light
focused thereon, and said electrical signal being supplied to analog/digital signal processing circuitry for processing
analog and digital scan data signals derived therefrom to perform bar code symbol reading operations.

11. The bioptical laser scanning system of claim 4, wherein said first polygonal scanning element (PM1) comprises a
first polygonal scanning mirror having a first plurality of rotating mirror facets, and wherein said second polygonal
scanning element (PM2) comprises a second polygonal scanning mirror having a second plurality of rotating mirror
facets.

12. The bioptical laser scanning system of claim 11, wherein said second plurality of rotating mirror facets on said
second polygonal scanning mirror are classifiable into a first class of facets having High Elevation (HE) angle
characteristics, and a second class of facets having Low Elevation (LE) angle characteristics.

13. The bioptical laser scanning system of claim 2, wherein said complex omni-directional 3-D laser scanning pattern
is generated from said horizontal-scanning window (16) and said vertical-scanning window (18) during the revolution
of said first and second polygonal scanning elements (PM1, PM2).

14. The bioptical laser scanning system of claim 4, wherein said first polygonal scanning element (PM1) is disposed
within said horizontal section (4A), and said second polygonal scanning element (PM2) is disposed within said
vertical section (4B).
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15. A method of providing six-sided 360-degree omnidirectional bar code symbol scanning coverage from a bioptical
laser scanning system located at a point of sale (POS) station, said method comprising the steps of:

supporting at a POS station, a bioptical laser scanning system including
a horizontal section integrally connected to a vertical section,
a horizontal-scanning window formed in said horizontal section,
a vertical-scanning window formed in said vertical section, and being substantially orthogonal to said horizontal-
scanning window,
a first laser scanning plane generation mechanism disposed within said horizontal section,
a second laser scanning plane generation mechanism disposed within said vertical section; and
generating a first plurality of laser scanning planes from said first laser scanning plane generation mechanism,
and projecting said first plurality of laser scanning planes through said horizontal-scanning window, and also
generating a second plurality of laser scanning planes from said second laser scanning plane generation mech-
anism, and projecting said second plurality of laser scanning planes through said vertical-scanning window, so
that said first and second pluralities of laser scanning planes intersect within predetermined scan regions con-
tained within a 3-D scanning volume defined between said horizontal-scanning and vertical-scanning windows,
and generate a plurality of groups of intersecting laser scanning planes within said 3-D scanning volume, and
said plurality of groups of intersecting laser scanning planes form a complex omni-directional 3-D laser scanning
pattern within said 3-D scanning volume capable of scanning a bar code symbol located on the surface of an
object, including a six-sided rectangular box-shaped object, presented within said 3-D scanning volume at any
orientation and from any direction at said POS station so as to provide six-sided 360-degree omni-directional
bar code symbol scanning coverage at said POS station
where at least one of said plurality of groups of intersecting laser scanning planes are projected onto each of
the six sides of a six-sided rectangular box-shaped object as said six-sided rectangular box-shaped object is
passed through said 3-D scanning volume while one side of said box-shaped object is facing said horizontal-
scanning window and another side of said six-sided rectangular box-shaped object is facing said vertical-
scanning window; and
wherein said first laser scanning plane generation mechanism produces a first laser beam and a first polygonal
scanning element having multiple reflective surfaces rotating about a first axis of rotation scans said first laser
beam, so as to produce a first laser scanning beam that reflects off a first plurality of laser beam folding mirrors
to generate and project said first plurality of laser scanning planes through said horizontal-scanning window; and
wherein said second laser scanning plane generation mechanism produces a second laser beam and a second
polygonal scanning element having multiple reflective surfaces rotating about a second axis of rotation scans
said second laser beam, so as to produce a second laser scanning beam that reflects off a second plurality of
laser beam folding mirrors to generate and project said second plurality of laser scanning planes through said
vertical-scanning window.

16. The method of claim 15, wherein said generating a plurality of groups of intersecting laser scanning planes within
said 3-D scanning volume includes venerating a plurality of groups of quasi-orthogonal intersecting laser scanning
planes within said 3-D scanning volume.

17. The method of claim 16, wherein said six sides comprise the bottom-facing, top-facing, back-facing, front-facing,
left-facing and right-facing surfaces of said six-sided rectangular box-shaped object oriented within said 3-D scanning
volume disposed between said horizontal-scanning and vertical-scanning windows.

18. The method of claim 16, wherein
said first laser scanning plane generation mechanism produces a first laser beam from a first laser beam production
module and
said second laser scanning plane generation mechanism produces a second laser beam from a second laser beam
production module.

19. The method of claim 16, wherein the height dimension of the said horizontal section is less than about 4.5 inches
for installation of said horizontal section within a countertop surface at said POS station.

20. The method of claim 16, wherein said plurality of groups of intersecting laser scanning planes comprises over sixty
different laser scanning planes cooperating within said 3-D scanning volume to generate said complex omni-direc-
tional 3-D laser scanning pattern.
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21. The method of claim 16, wherein each said group of quasi-orthogonal intersecting laser scanning planes comprises:

a plurality of substantially-vertical laser scanning planes for reading bar code symbols having bar code elements
that are oriented substantially parallel with respect to said horizontal-scanning window, and
a plurality of substantially-horizontal laser scanning planes for reading bar code symbols having bar code
elements that are oriented substantially orthogonal with respect to said horizontal-scanning window.

22. The method of claim 18, wherein said first laser beam production module comprises a first visible laser diode (VLD),
and said second laser beam production module comprises a second visible laser diode (VLD).

23. The method of claim 18, wherein said first plurality of laser beam folding mirrors and said first laser beam production
module cooperate with first and second light collecting/focusing optical elements and first and second photo detectors
disposed within said horizontal section to form first and second scanning stations disposed about said first polygonal
scanning element, and
wherein the light collecting/focusing optical element within each said laser scanning station collects light from pre-
determined scan regions within said 3-D scanning volume and focuses such collected light onto the photodetector
to produce an electrical signal having an amplitude proportional to the intensity of light focused thereon, and said
electrical signal being supplied to analog/digital signal processing circuitry for processing analog and digital scan
data signals derived therefrom to perform bar code symbol reading operations.

24. The method of claim 23, wherein said second plurality of laser beam folding mirrors and said second laser beam
production module cooperate with a third light collecting/focusing optical element and a third photodetector disposed
within said vertical section to form third scanning station disposed about said second polygonal scanning element, and
wherein the light collecting/focusing optical element within said third laser scanning station collects light from pre-
determined scan regions within said 3-D scanning volume and focuses such collected light onto the photodetector
to produce an electrical signal having an amplitude proportional to the intensity of light focused thereon, and said
electrical signal being supplied to analog/digital signal processing circuitry for processing analog and digital scan
data signals derived therefrom to perform bar code symbol reading operations.

25. The method of claim 18, wherein said first polygonal scanning element comprises a first polygonal scanning mirror
having a first plurality of rotating mirror facets, and wherein said second polygonal scanning element comprises a
second polygonal scanning mirror having a second plurality of rotating mirror facets.

26. The method of claim 16, wherein said second plurality of rotating mirror facets on said second polygonal scanning
mirror are classifiable into a first class of facets having High Elevation (HE) angle characteristics, and a second
class of facets having Low Elevation (LE) angle characteristics.

27. The method of claim 16, wherein said complex omni-directional 3-D laser scanning pattern is generated from said
horizontal-scanning window and said vertical-scanning window during the revolution of said first and second polyg-
onal scanning elements.

28. The method of claim 18, wherein said first polygonal scanning element is disposed within said horizontal section,
and said second polygonal scanning element is disposed within said vertical section.

Patentansprüche

1. Bioptisches Laserscansystem, das für eine sechsseitige 360-Grad-Allrichtungs-Strichcodesymbolscanerfassung
an einer Verkaufspunktstation (POS-Station) sorgt, wobei das bioptische Laserscansystem folgendes umfasst:

einen horizontalen Abschnitt (4A), der integral mit einem vertikalen Abschnitt (4B) verbunden ist;
ein Horizontalscanfenster (16), das im horizontalen Abschnitt (4A) gebildet ist;
ein Vertikalscanfenster (18), das im vertikalen Abschnitt (4B) gebildet ist und im Wesentlichen orthogonal zum
Horizontalscanfenster (16) ist;
einen ersten Mechanismus zum Erzeugen einer Laserscanebene, der im horizontalen Abschnitt (4A) angeordnet
ist, zum Erzeugen von mehreren ersten Laserscanebenen (gh1, gh3, gh5, gh7) und Projizieren der mehreren
ersten Laserscanebenen (gh1, gh3, gh5, gh7) durch das Horizontalscanfenster (16);
einen zweiten Mechanismus zum Erzeugen einer Laserscanebene, der im vertikalen Abschnitt (4B) angeordnet
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ist, zum Erzeugen von mehreren zweiten Laserscanebenen (gu1...gu14) und Projizieren der mehreren zweiten
Laserscanebenen (gu1...gu14) durch das Vertikalscanfenster (18); wobei
die mehreren ersten und zweiten Laserscanebenen (gh1, gh3, gh5, gh7, gu1...gu14) (I) sich innerhalb der
vorgegebenen Scanbereiche schneiden, die im 3D-Scanvolumen enthalten sind, welches zwischen den Hori-
zontalscan- und Vertikalscanfenstern (16, 18) definiert ist, und (II) mehrere Gruppen von sich schneidenden
Laserscanebenen in dem 3D-Scanvolumen erzeugen,
wobei die mehreren Gruppen von sich schneidenden Laserscanebenen ein komplexes 3D-Allrichtungslasers-
canmuster im 3D-Scanvolumen bilden, das ein Strichcodesymbol scannen kann, welches sich auf der Ober-
fläche eines Objektes, einschließlich eines sechsseitigen rechtwinkeligen kastenförmigen Objektes, befindet,
welches sich im 3D-Scanvolumen in beliebiger Orientierung und in beliebiger Richtung an der POS-Station
präsentiert, um so für eine sechsseitige 360-Grad-Allrichtungs-Strichcodesymbolscanerfassung an der POS-
Station zu sorgen;
wobei mindestens eine der mehreren Gruppen von sich schneidenden Laserscanebenen auf jede der sechs
Seiten eines sechsseitigen rechtwinkeligen kastenförmigen Objektes projiziert ist, wenn das sechsseitige recht-
winkelige kastenförmige Objekt durch das 3D-Scanvolumen hindurchgeführt ist, während eine Seite des sechs-
seitigen rechtwinkeligen kastenförmigen Objektes dem Horizontalscanfenster (16) gegenübersteht und eine
weitere Seite des sechsseitigen rechtwinkeligen kastenförmigen Objektes dem Vertikalscanfenster (18) gegen-
übersteht, und
wobei der erste Mechanismus zum Erzeugen von Laserscanebenen einen ersten Laserstrahl erzeugt und ein
erstes polygonales Scanelement (PM1), das mehrere reflektierende Flächen hat, die um eine erste Rotations-
achse rotieren, den ersten Laserstrahl scannt, um so einen ersten Laserscanstrahl (SB1, SB2) zu erzeugen,
welcher an mehreren ersten Laserstrahlumlenkspiegeln (mh1 ....mh13) reflektiert ist, um die mehreren ersten
Laserscanebenen (gh1, gh3, gh5, gh7, gu1...gu14) zu erzeugen und durch das Horizontalscanfenster (16) zu
projizieren; und
wobei der zweite Mechanismus zum Erzeugen von Laserscanebenen einen zweiten Laserstrahl erzeugt und
ein zweites polygonales Scanelement (PM2), das mehrere reflektierende Flächen hat, die um eine zweite
Rotationsachse rotieren, den zweiten Laserstrahl scannt, um so einen zweiten Laserscanstrahl (SB3) zu er-
zeugen, welcher an mehreren zweiten Laserstrahlumlenkspiegeln (mv1...mv26) reflektiert ist, um die mehreren
zweiten Laserscanebenen (gu1...gu14) zu erzeugen und durch das Vertikalscanfenster (18) zu projizieren.

2. Bioptisches Laserscansystem nach Anspruch 1, wobei die mehreren ersten und zweiten Laserscanebenen (gh1,
gh3, gh5, gh7, gu1...gu14) sich schneidende quasiorthogonale Laserscanebenen im 3D-Scanvolumen erzeugen.

3. Bioptisches Laserscansystem nach Anspruch 2, wobei die sechs Seiten die nach unten weisende, nach oben
weisende, nach hinten weisende, nach vorn weisende, nach links weisende und nach rechts weisende Fläche des
sechsseitigen rechtwinkeligen kastenförmigen Objektes umfassen, das im 3D-Scanvolumen ausgerichtet ist, wel-
ches zwischen dem Horizontalscanfenster und dem Vertikalscanfenster (16, 18) angeordnet ist.

4. Bioptisches Laserscansystem nach Anspruch 2, wobei der erste Mechanismus zum Erzeugen einer Laserscanebene
einen ersten Laserstrahl aus einem ersten Laserstrahlerzeugungsmodul erzeugt und der zweite Mechanismus zum
Erzeugen einer Laserstrahlebene einen zweiten Laserstrahl aus einem zweiten Laserstrahlerzeugungsmodul er-
zeugt.

5. Bioptisches Laserscansystem nach Anspruch 2, wobei die Höhenabmessung des horizontalen Abschnitts (4A)
kleiner als etwa 4,5 Zoll (ca. 11,3 cm) zur Montage des horizontalen Abschnitts (4A) innerhalb einer Arbeitsfläche
an der POS-Station ist.

6. Bioptisches Laserscansystem nach Anspruch 2, wobei die mehreren Gruppen von sich schneidenden Laserscan-
ebenen mehr als sechzig verschiedene Laserscanebenen umfassen, welche innerhalb des 3D-Scanvolumens zu-
sammenarbeiten, um das komplexe 3D-Allrichtungslaserscanmuster zu erzeugen.

7. Bioptisches Laserscansystem nach Anspruch 2, wobei jede Gruppe von sich schneidenden quasi-orthogonalen
Laserscanebenen Folgendes umfasst:

mehrere im Wesentlichen vertikale Laserscanebenen zum Lesen von Strichcodesymbolen, die Strichcode-
elemente aufweisen, welche im Wesentlichen parallel zum Horizontalscanfenster (16) ausgerichtet sind, und
mehrere im Wesentlichen horizontale Laserscanebenen zum Lesen von Strichcodesymbolen, die Strichcode-
elemente aufweisen, welche im Wesentlichen orthogonal zum Horizontalscanfenster (16) ausgerichtet sind.
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8. Bioptisches Laserscansystem nach Anspruch 4, wobei das erste Modul zum Erzeugen von Laserstrahlen eine erste
Laserdiode im sichtbaren Spektralbereich (VLD) (153A, 153B, 153C, 153D) umfasst und das zweite Modul zur
Erzeugung von Laserstrahlen eine zweite Laserdiode im sichtbaren Spektralbereich (VLD) (153A, 153B, 153C,
153D) umfasst.

9. Bioptisches Laserscansystem nach Anspruch 4, wobei die mehreren ersten Laserstrahlumlenkspiegel (mh1....mh13)
und das erste Modul zum Erzeugen von Laserstrahlen mit den ersten und zweiten Licht sammelnden /fokussierenden
optischen Elementen (LCHST1, LCHS2) und den ersten und zweiten Fotodetektoren (PDHST1, PDHST2) koope-
rieren, welche im horizontalen Abschnitt (4A) angeordnet sind, um erste und zweite Scanstationen (HST1, HST2)
zu bilden, die an dem ersten polygonalen Scanelement (PM1) angeordnet sind, und wobei das Licht sammelnde /
fokussierende optische Element (LCFTST1, LCHST2) in jeder Laserscanstation (HST1, HST2) Licht aus vorgege-
benen Scanbereichen im 3D-Scanvolumen sammelt und das so gesammelte Licht auf den Fotodetektor (PDHST1,
PDHST2) fokussiert, um ein elektrisches Signal zu erzeugen, welches eine Amplitude hat, die proportional zur
Stärke des Lichtes ist, welches darauf fokussiert ist, und das elektrische Signal den analogen/digitalen Signalver-
arbeitungsschaltungen zum Verarbeiten von analogen und digitalen Scandatensignalen zuführt, welche daraus
abgeleitet wurden, um Leseoperationen an Strichcodesymbolen auszuführen.

10. Bioptisches Laserscansystem nach Anspruch 4, wobei die mehreren zweiten Laserstrahlumlenkspiegel
(mv1...mv26) und das zweite Modul zum Erzeugen von Laserstrahlen mit einem dritten Licht sammelnden/fokus-
sierenden optischen Element (LCVST1) und einem dritten Fotodetektor (PDVST1) kooperieren, der im vertikalen
Abschnitt (4B) angeordnet ist, um eine dritte Scanstation (VST1) zu bilden, welche am zweiten polygonalen Scan-
element (PM2) angeordnet ist, und wobei das Licht sammelnde/fokussierende optische Element (LCVST1) in der
dritten Laserscanstation (VST1) Licht aus vorgegebenen Bereichen innerhalb des 3D-Scanvolumens sammelt und
das so gesammelte Licht auf den Fotodetektor (PDVST1) fokussiert, um ein elektrisches Signal zu erzeugen, das
eine Amplitude hat, welche proportional zur Stärke des Lichtes ist, das darauf fokussiert ist, und das elektrische
Signal analogen/digitalen Signalverarbeitungsschaltungen zum Verarbeiten von analogen und digitalen Scanda-
tensignalen zugeführt wird, die daraus abgeleitet sind, um Leseoperationen an Strichcodesymbolen auszuführen.

11. Bioptisches Laserscansystem nach Anspruch 4, wobei das erste polygonale Scanelement (PM1) einen ersten
polygonalen Scanspiegel umfasst, welcher mehrere erste rotierende Spiegelfacetten hat, und wobei das zweite
polygonale Scanelement (PM2) einen zweiten polygonalen Scanspiegel umfasst, welcher mehrere zweite rotierende
Spiegelfacetten hat.

12. Bioptisches Laserscansystem nach Anspruch 11, wobei die mehreren zweiten rotierenden Spiegelfacetten auf dem
zweiten polygonalen Scanspiegel in eine erste Klasse von Facetten, die eine winkelcharakteristik mit großem Hö-
henwinkel (HE) haben, und eine zweite Klasse von Facetten klassifiziert werden können, welche eine winkelcha-
rakteristik mit kleinem Höhenwinkel (LE) haben.

13. Bioptisches Laserscansystem nach Anspruch 2, wobei das komplexe 3D-Allrichtungslaserscanmuster während der
Drehung der ersten und zweiten polygonalen Scanelemente (PM1, PM2) aus dem Horizontalscanfenster (16) und
dem Vertikalscanfenster (18) erzeugt ist.

14. Bioptisches Laserscansystem nach Anspruch 4, wobei das erste polygonale Scanelement (PM1) innerhalb des
horizontalen Abschnitts (4A) angeordnet ist und das zweite polygonale Scanelement (PM2) innerhalb des vertikalen
Abschnitts (4B) angeordnet ist.

15. Verfahren zum Bereitstellen sechsseitiger 360-Grad-Allrichtungs-Strichcodesymbolscanerfassung durch ein biop-
tisches Laserscansystem, das sich in einer Verkaufspunktstation (POS-Station) befindet, wobei das Verfahren
folgende Schritte umfasst:

Betreiben, in einer POS-Station, eines bioptischen Laserscansystems, umfassend
einen horizontalen Abschnitt, der integral mit einem vertikalen Abschnitt verbunden ist,
ein Horizontalscanfenster, das im horizontalen Abschnitt gebildet ist,
ein Vertikalscanfenster, das im vertikalen Abschnitt gebildet ist und im Wesentlichen orthogonal zum Horizon-
talscanfenster ist,
einen ersten Mechanismus zum Erzeugen einer Scanebene, der im horizontalen Abschnitt angeordnet ist,
einen zweiten Mechanismus zum Erzeugen einer Scanebene, der im vertikalen Abschnitt angeordnet ist; und
Erzeugen mehrerer erster Laserscanebenen durch den ersten Mechanismus zum Erzeugen von Laserscane-
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benen und Projizieren der mehreren ersten Laserscanebenen durch das Horizontalscanfenster und auch das
Erzeugen von mehreren zweiten Laserscanebenen durch den zweiten Mechanismus zum Erzeugen von La-
serscanebenen und Projizieren der mehreren zweiten Laserscanebenen durch das Vertikalscanfenster, so dass
die mehreren ersten und zweiten Laserscanebenen sich innerhalb der vorgegebenen Scanbereiche schneiden,
welche in einem 3D-Scanvolumen enthalten sind, welches zwischen dem Horizontal- und Vertikalscanfenster
definiert ist, und Erzeugen mehrerer Gruppen von sich schneidenden Laserscanebenen innerhalb des 3D-
Scanvolumens, und die mehreren Gruppen von sich schneidenden Laserscanebenen ein komplexes 3D-All-
richtungslaserscanmuster innerhalb des 3D-Scanvolumens bilden, welches ein Strichcodesymbol scannen
kann, das sich auf der Oberfläche eines Objektes befindet, einschließlich eines sechsseitigen rechteckigen
kastenförmigen Objektes, welches innerhalb des 3D-Scanvolumens bei beliebiger Orientierung und in beliebiger
Richtung in der POS-Station präsentiert ist, um so für eine sechsseitige 360-Grad-Allrichtungs-Strichcodes-
canerfassung an der POS-station zu sorgen,
wobei mindestens eine der mehreren Gruppen von sich schneidenden Laserscanebenen auf jede der sechs
Seiten eines sechsseitigen rechtwinkeligen kastenförmigen Objektes projiziert ist, wenn das sechsseitige recht-
winkelige kastenförmige Objekt durch das 3D-Scanvolumen hindurchgeführt ist, während eine Seite des sechs-
seitigen kastenförmigen Objektes dem Horizontalscanfenster gegenübersteht und eine weitere Seite des sechs-
seitigen rechtwinkeligen kastenförmigen Objektes dem Vertikalscanfenster gegenübersteht; und
wobei der erste Mechanismus zum Erzeugen von Laserscanebenen einen ersten Laserstrahl erzeugt und ein
erstes polygonales Scanelement, das mehrere reflektierende Flächen hat, die um eine erste Rotationsachse
rotieren, den ersten Laserstrahl scannt, um so einen ersten Laserscanstrahl zu erzeugen, welcher an mehreren
ersten Laserstrahlumlenkspiegeln reflektiert ist, um die mehreren ersten Laserscanebenen zu erzeugen und
durch das Horizontalscanfenster zu projizieren; und
wobei der zweite Mechanismus zum Erzeugen von Laserscanebenen einen zweiten Laserstrahl erzeugt und
ein zweites polygonales Scanelement, das mehrere reflektierende Flächen hat, die um eine zweite Rotations-
achse rotieren, den zweiten Laserstrahl scannt, um so einen zweiten Laserscanstrahl zu erzeugen, welcher an
mehreren zweiten Laserstrahlumlenkspiegeln reflektiert ist, um die mehreren zweiten Laserscanebenen zu
erzeugen und durch das Vertikalscanfenster zu projizieren.

16. Verfahren nach Anspruch 15, wobei das Erzeugen von mehreren Gruppen von sich schneidenden Laserscanebenen
innerhalb des 3D-Scanvolumens das Erzeugen mehrerer Gruppen von quasi-orthogonalen, sich schneidenden
Laserscanebenen innerhalb des 3D-Scanvolumens umfasst.

17. Verfahren nach Anspruch 16, wobei die sechs Seiten die nach unten weisende, nach oben weisende, nach hinten
weisende, nach vorn weisende, nach links weisende und nach rechts weisende Fläche des sechsseitigen recht-
winkeligen kastenförmigen Objektes umfassen, das im 3D-Scanvolumen ausgerichtet ist, welches zwischen dem
Horizontalscanfenster und dem Vertikalscanfenster angeordnet ist.

18. Verfahren nach Anspruch 16, wobei
der erste Mechanismus zum Erzeugen einer Scanebene einen ersten Laserstrahl durch ein erstes Modul zum
Erzeugen von Laserstrahlen erzeugt und
ein zweiter Mechanismus zum Erzeugen einer Scanebene einen zweiten Laserstrahl durch ein zweites Modul zum
Erzeugen von Laserstrahlen erzeugt.

19. Verfahren nach Anspruch 16, wobei die Höhenabmessung des horizontalen Abschnitts kleiner als etwa 4,5 Zoll (ca.
11,3 cm) zur Montage des horizontalen Abschnitts innerhalb einer Arbeitsfläche an der POS-Station ist.

20. Verfahren nach Anspruch 16, wobei die mehreren Gruppen von sich schneidenden Laserscanebenen mehr als
sechzig verschiedene Laserscanebenen umfassen, welche innerhalb des 3D-Scanvolumens zusammenarbeiten,
um das komplexe 3D-Allrichtungs-Laserscanmuster zu erzeugen.

21. Verfahren nach Anspruch 16, wobei jede Gruppe von sich schneidenden quasi-orthogonalen Laserscanebenen
folgendes umfasst:

mehrere im Wesentlichen vertikale Laserscanebenen zum Lesen von Strichcodesymbolen, die Strichcode-
elemente aufweisen, welche im Wesentlichen parallel zum Horizontalscanfenster ausgerichtet sind, und
mehrere im Wesentlichen horizontale Laserscanebenen zum Lesen von Strichcodesymbolen, die Strichcode-
elemente aufweisen, welche im Wesentlichen orthogonal zum Horizontalscanfenster ausgerichtet sind.
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22. Verfahren nach Anspruch 18, wobei das erste Modul zum Erzeugen von Laserstrahlen eine erste Laserdiode (VLD)
im sichtbaren Spektralbereich umfasst und das zweite Modul zum Erzeugen von Laserstrahlen eine zweite Laser-
diode (VLD) im sichtbaren Spektralbereich umfasst.

23. Verfahren nach Anspruch 18, wobei die mehreren ersten Laserstrahlumlenkspiegel und das erste Modul zum Er-
zeugen von Laserstrahlen mit den ersten und zweiten Licht sammelnden/fokussierenden optischen Elementen und
ersten und zweiten Fotodetektoren kooperieren, die innerhalb des horizontalen Abschnitts angeordnet sind, um
erste und zweite Scanstationen zu bilden, welche am ersten polygonalen Scanelement angeordnet sind, und
wobei das Licht sammelnde/fokussierende optische Element in jeder Laserscanstation Licht aus vorgegebenen
Bereichen innerhalb des 3D-Scanvolumens sammelt und das so gesammelte Licht auf den Fotodetektor fokussiert,
um ein elektrisches Signal zu erzeugen, das eine Amplitude hat, welche proportional zur Stärke des Lichtes ist, das
darauf fokussiert ist, und das elektrische Signal analogen/digitalen Signalverarbeitungsschaltungen zum Verarbeiten
von analogen und digitalen Scandatensignalen zugeführt wird, die daraus abgeleitet sind, um Leseoperationen an
Strichcodesymbolen auszuführen.

24. Verfahren nach Anspruch 23, wobei die mehreren zweiten Laserstrahlumlenkspiegel und das zweite Modul zum
Erzeugen von Laserstrahlen mit einem dritten Licht sammelnden/fokussierenden optischen Element und einem
dritten Fotodetektor kooperieren, der im vertikalen Abschnitt angeordnet ist, um eine dritte Scanstation zu bilden,
welche am zweiten polygonalen Scanelement angeordnet ist, und
wobei das Licht sammelnde/fokussierende optische Element in der dritten Laserscanstation Licht aus vorgegebenen
Bereichen innerhalb des 3D-Scanvolumens sammelt und das so gesammelte Licht auf den Fotodetektor fokussiert,
um ein elektrisches Signal zu erzeugen, das eine Amplitude hat, welche proportional zur Stärke des Lichtes ist, das
darauf fokussiert ist, und das elektrische Signal analogen/digitalen Signalverarbeitungsschaltungen zum Verarbeiten
von analogen und digitalen Scandatensignalen zugeführt wird, die daraus abgeleitet sind, um Leseoperationen an
Strichcodesymbolen auszuführen.

25. Verfahren nach Anspruch 18, wobei das erste polygonale Scanelement einen ersten polygonalen Scanspiegel
umfasst, welcher mehrere erste rotierende Spiegelfacetten hat, und wobei das zweite polygonale Scanelement
einen zweiten polygonalen Scanspiege1 umfasst, welcher mehrere zweite rotierende Spiegelfacetten hat.

26. Verfahren nach Anspruch 16, wobei die mehreren zweiten rotierenden Spiegelfacetten auf dem zweiten polygonalen
Scanspiegel in eine erste Klasse von Facetten, die eine Winkelcharakteristik mit großem Höhenwinkel (HE) haben,
und eine zweite Klasse von Facetten klassifiziert werden können, welche eine Winkelcharakteristik mit kleinem
Höhenwinkel (LE) haben.

27. Verfahren nach Anspruch 16, wobei das komplexe 3D-Allrichtungslaserscanmuster während der Drehung der ersten
und zweiten polygonalen Scanelemente von dem Horizontalscanfenster und dem Vertikalscanfenster erzeugt ist.

28. Verfahren nach Anspruch 18, wobei das erste polygonale Scanelement innerhalb des horizontalen Abschnitts an-
geordnet ist und das zweite polygonale Scanelement innerhalb des vertikalen Abschnitts angeordnet ist.

Revendications

1. Système de balayage laser bi-optique procurant une couverture de balayage de symboles de codes à barres
omnidirectionnel à 360 degrés sur six côtés au niveau d’une station de point de vente (POS), ledit système de
balayage de codes à barres laser bi-optique comprenant :

une section horizontale (4A) connectée intégralement à une section verticale (4B);
une fenêtre de balayage horizontal (16) formée dans ladite section horizontale (4A) ;
une fenêtre de balayage vertical (18) formée dans ladite section verticale (4B), et étant essentiellement ortho-
gonale à ladite fenêtre de balayage horizontal (16) ;
un premier mécanisme de génération de plans de balayage laser disposé dans ladite section horizontale (4A)
destiné à générer une première pluralité de plans de balayage laser (gh1, gh3, gh5, gh7) et à projeter ladite
première pluralité de plans de balayage laser (gh1, gh3, gh5, gh7) à travers ladite fenêtre de balayage horizontal
(16) ;
un deuxième mécanisme de génération de plans de balayage laser disposé dans ladite section verticale (4B)
destiné à générer une deuxième pluralité de plans de balayage laser (gu1...gu14) et à projeter ladite deuxième
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pluralité de plans de balayage laser (gu1...gu14) à travers ladite fenêtre de balayage vertical (18) ; dans lequel
lesdites première et deuxième pluralités de plans de balayage laser (gh1, gh3, gh5, gh7, gu1 ... gu14) (i) se
croisent dans des régions de balayage prédéterminées contenues dans un volume de balayage 3-D défini entre
lesdites fenêtres de balayage horizontal et de balayage vertical (16, 18), et (ii) génèrent une pluralité de groupes
de plans de balayage laser croisés dans ledit volume de balayage 3-D,
dans lequel ladite pluralité de groupes de plans de balayage laser croisés forment un modèle de balayage laser
3-D omnidirectionnel complexe dans ledit volume de balayage 3-D capable de balayer un symbole de codes
à barres situé sur la surface d’un objet, y compris d’un objet en forme de boîte rectangulaire à six cotés, présenté
dans ledit volume de balayage 3-D dans une orientation quelconque et à partir de n’importe quelle direction au
niveau de ladite station de point de vente de manière à fournir une couverture de balayage de symboles de
codes à barres omnidirectionnel à 360 degrés sur six côtés au niveau de ladite station de point de vente ;
où au moins l’un de ladite pluralité de groupes de plans de balayage laser croisés est projeté sur chacun des
six côtés d’un objet en forme de boîte rectangulaire à six côtés à mesure que l’on fait passer ledit objet en forme
de boîte rectangulaire à six côtés à travers ledit volume de balayage 3-D alors qu’un côté dudit objet en forme
de boîte rectangulaire à six côtés se trouve en vis-à-vis de ladite fenêtre de balayage horizontal (16) et qu’un
autre côté dudit objet en forme de boîte rectangulaire à six côtés se trouve en vis-à-vis de ladite fenêtre de
balayage vertical (18), et
dans lequel ledit premier mécanisme de génération de plans de balayage laser produit un premier faisceau
laser et un premier élément de balayage polygonal (PM1) ayant plusieurs surfaces réfléchissantes tournant
autour d’un premier axe de rotation balaie ledit premier faisceau laser, de manière à produire un premier faisceau
de balayage laser (SB1, SB2) qui est réfléchi par une première pluralité de miroirs escamotables de faisceaux
laser (mh1 ...mh13) afin de générer et projeter ladite première pluralité de plans de balayage laser (gh1, gh3,
gh5, gh7, gu1...gu14) à travers ladite fenêtre de balayage horizontal (16) ; et
dans lequel ledit deuxième mécanisme de génération de plans de balayage laser produit un deuxième faisceau
laser et un deuxième élément de balayage polygonal (PM2) ayant plusieurs surfaces réfléchissantes tournant
autour d’un deuxième axe de rotation balaie ledit deuxième faisceau laser, de manière à produire un deuxième
faisceau de balayage laser (SB3) qui est réfléchi par une deuxième pluralité de miroirs escamotables de fais-
ceaux laser (mv1 ...mv26) afin de générer et projeter ladite deuxième pluralité de plans de balayage laser
(gu1...gu14) à travers ladite fenêtre de balayage vertical (18).

2. Système de balayage laser bi-optique selon la revendication 1, dans lequel lesdites première et deuxième pluralités
de plans de balayage laser (gh1, gh3, gh5, gh7, gu1...gu14) générées comportent des plans de balayage laser
croisés quasi-orthogonaux dans ledit volume de balayage 3-D.

3. Système de balayage laser bi-optique selon la revendication 2, dans lequel lesdits six côtés comprennent les
surfaces regardant vers le bas, regardant vers le haut, regardant vers l’arrière, regardant vers l’avant, regardant
vers la gauche, et regardant vers la droite dudit objet en forme de boîte rectangulaire à six côtés orienté dans ledit
volume de balayage 3-D disposé entre lesdites fenêtres de balayage horizontal et de balayage vertical (16, 18).

4. Système de balayage laser bi-optique selon la revendication 2, dans lequel ledit premier mécanisme de génération
de plans de balayage laser produit un premier faisceau laser à partir d’un premier module de production de faisceaux
laser, et ledit deuxième mécanisme de génération de plans de balayage laser produit un deuxième faisceau laser
à partir d’un deuxième module de production de faisceaux laser.

5. Système de balayage laser bi-optique selon la revendication 2, dans lequel la dimension de hauteur de ladite section
horizontale (4A) est inférieure à environ 4,5 pouces pour l’installation de ladite section horizontale (4A) dans une
surface de comptoir au niveau de ladite station de point de vente.

6. Système de balayage laser bi-optique selon la revendication 2, dans lequel ladite pluralité de groupes de plans de
balayage laser croisés comprend plus de soixante plans de balayage laser différents coopérant dans ledit volume
de balayage 3-D afin de générer ledit modèle de balayage laser 3-D omnidirectionnel complexe.

7. Système de balayage laser bi-optique selon la revendication 2, dans lequel chaque groupe de plans de balayage
laser croisés quasi orthogonaux comprend:

une pluralité de plans de balayage laser essentiellement verticaux pour lire des symboles de codes à barres
ayant des éléments de codes à barres qui sont orientés essentiellement parallèlement par rapport à ladite
fenêtre de balayage horizontal (16), et
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une pluralité de plans de balayage laser essentiellement horizontaux pour lire des symboles de codes à barres
ayant des éléments de codes à barres qui sont orientés essentiellement orthogonalement par rapport à ladite
fenêtre de balayage horizontal (16).

8. Système de balayage laser bi-optique selon la revendication 4, dans lequel ledit premier module de production de
faisceaux laser comprend une première diode à laser visible (VLD) (153A, 153B, 153C, 153D), et ledit deuxième
module de production de faisceaux laser comprend une deuxième diode à laser visible (VLD) (153A, 153B, 153C,
153D).

9. Système de balayage laser lai-optique selon la revendication 4, dans lequel ladite première pluralité de miroirs
escamotables de faisceaux laser (mh1...mh13) et ledit premier module de production de faisceaux laser coopèrent
avec des premier et deuxième éléments optiques de collecte/focalisation de lumière (LCHST1, LCHST2) et des premier
et deuxième photodétecteurs (PDHST1, PDHST2) disposés dans ladite section horizontale (4A) afin de former des
première et deuxième stations de balayage (HST1, HST2) disposées autour dudit premier élément de balayage
polygonal (PM1), et dans lequel l’élément optique de collecte/focalisation de lumière (LCHST1, LCHST2) dans chaque
station de balayage laser (HST1, HST2) collecte de la lumière de régions de balayage prédéterminées dans ledit
volume de balayage 3-D et focalise la lumière collectée sur le photodétecteur (PDHST1, PDHST2) pour produire un
signal électrique ayant une amplitude proportionnelle à l’intensité de la lumière qui est focalisée dessus, et ledit
signal électrique étant fourni à des circuits de traitement de signaux analogiques/numériques destinés à traiter des
signaux de données de balayage analogiques et numériques qui en sont dérivés pour réaliser des opérations de
lecture de symboles de codes à barres.

10. Système de balayage laser bi-optique selon la revendication 4, dans lequel ladite deuxième pluralité de miroirs
escamotables de faisceaux laser (mv1...mv26) et ledit deuxième module de production de faisceaux laser coopèrent
avec un troisième élément optique de colleete/focalisation de lumière (LCVST1) et un troisième photodétecteur
(PDVST1) disposés dans ladite section verticale (4B) pour former une troisième station de balayage (VST1) disposée
autour dudit deuxième élément de balayage polygonal (PM2), et
dans lequel l’élément optique de collecte/focalisation de lumière (LCVST1) dans ladite troisième station de balayage
laser (VST1) collecte de la lumière de régions de balayage prédéterminées dans ledit volume de balayage 3-D et
focalise la lumière collectée sur le photodétecteur (PDVST1) pour produire un signal électrique ayant une amplitude
proportionnelle à l’intensité de la lumière focalisée dessus, et ledit signal électrique étant fourni à des circuits de
traitement de signaux analogiques/numériques destinés à traiter des signaux de données de balayage analogiques
et numériques qui en sont dérivés pour réaliser des opérations de lecture de symboles de codes à barres.

11. Système de balayage laser bi-optique selon la revendication 4, dans lequel ledit premier élément de balayage
polygonal (PM1) comprend un premier miroir de balayage polygonal ayant une première pluralité de facettes de
miroir rotatives, et dans lequel ledit deuxième élément de balayage polygonal (PM2) comprend un deuxième miroir
de balayage polygonal ayant une deuxième pluralité de facettes de miroir rotatives.

12. Système de balayage laser bi-optique selon la revendication 11, dans lequel ladite deuxième pluralité de facettes
de miroir rotatives sur ledit deuxième miroir de balayage polygonal sont classées en une première classe de facettes
ayant des caractéristiques d’angle d’élévation élevé (HE) et une deuxième classe de facettes ayant des caracté-
ristiques d’angle d’élévation bas (LE).

13. Système de balayage laser bi-optique selon la revendication 2, dans lequel ledit modèle de balayage laser 3-D
omnidirectionnel complexe est généré à partir de ladite fenêtre de balayage horizontal (16) et de ladite fenêtre de
balayage vertical (18) pendant la révolution desdits premier et deuxième éléments de balayage polygonaux (PM1,
PM2).

14. Système de balayage laser bi-optique selon la revendication 4, dans lequel ledit premier élément de balayage
polygonal (PM2) est disposé dans ladite section horizontale (4A), et ledit deuxième élément de balayage polygonal
(PM2) est disposé dans ladite section verticale (4B).

15. Procédé destiné à fournir une couverture de balayage de symboles de codes à barres omnidirectionnel à 360 degrés
sur six côtés à partir d’un système de balayage laser bi-optique situé au niveau d’une station de point de vente
(POS), ledit procédé comprenant les étapes consistant à:

supporter au niveau d’une station de point de vente, un système de balayage laser bi-optique comportant
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une section horizontale intégralement connectée à une section verticale,
une fenêtre de balayage horizontal formée dans ladite section horizontale,
une fenêtre de balayage vertical formée dans ladite section verticale, et étant essentiellement orthogonale à
ladite fenêtre de balayage horizontal,
un premier mécanisme de génération de plans de balayage laser disposé dans ladite section horizontale,
un deuxième mécanisme de génération de plans de balayage laser disposé dans ladite section vertical ; et
générer une première pluralité de plans de balayage laser à partir dudit premier mécanisme de génération de
plans de balayage laser, et projeter ladite première pluralité de plans de balayage laser à travers ladite fenêtre
de balayage horizontal, et générer également une deuxième pluralité de plans de balayage laser à partir dudit
deuxième mécanisme de génération de plans de balayage laser, et projeter ladite deuxième pluralité de plans
de balayage laser à travers ladite fenêtre de balayage vertical, de sorte que lesdites première et deuxième
pluralités de plans de balayage laser se croisent dans des régions de balayage prédéterminées contenues
dans un volume de balayage 3-D défini entre lesdites fenêtres de balayage horizontal et de balayage vertical,
et génèrent une pluralité de groupes de plans de balayage laser croisés dans ledit volume de balayage 3-D, et
ladite pluralité de groupes de plans de balayage laser croisés forment un modèle de balayage laser 3-D omni-
directionnel complexe dans ledit volume de balayage 3-D capable de balayer un symbole de codes à barres
situé sur la surface d’un objet, y compris d’un objet en forme de boîte rectangulaire à six cotés, présenté dans
ledit volume de balayage 3-D dans une orientation quelconque et à partir de n’importe quelle direction au niveau
de ladite station de point de vente de manière à fournir une couverture de balayage de symboles de codes à
barres omnidirectionnel à 360 degrés sur six côtés au niveau de ladite station de point de vente
où au moins l’un de ladite pluralité de groupes de plans de balayage laser croisés est projeté sur chacun des
six côtés d’un objet en forme de boîte rectangulaire à six côtés à mesure que l’on fait passer ledit objet en forme
de boîte rectangulaire à six côtés à travers ledit volume de balayage 3-D alors qu’un côté dudit objet en forme
de boîte rectangulaire à six côtés se trouve en vis-à-vis de ladite fenêtre de balayage horizontal et qu’un autre
côté dudit objet en forme de boîte rectangulaire à six côtés se trouve en vis-à-vis de ladite fenêtre de balayage
vertical ; et
dans lequel ledit premier mécanisme de génération de plans de balayage laser produit un premier faisceau
laser et un premier élément de balayage polygonal ayant plusieurs surfaces réfléchissantes tournant autour
d’un premier axe de rotation balaie ledit premier faisceau laser, de manière à produire un premier faisceau de
balayage laser qui est réfléchi par une première pluralité de miroirs escamotables de faisceaux laser afin de
générer et projeter ladite première pluralité de plans de balayage laser à travers ladite fenêtre de balayage
horizontal ; et
dans lequel ledit deuxième mécanisme de génération de plans de balayage laser produit un deuxième faisceau
laser et un deuxième élément de balayage polygonal ayant plusieurs surfaces réfléchissantes tournant autour
d’un deuxième axe de rotation balaie ledit deuxième faisceau laser, de manière à produire un deuxième faisceau
de balayage laser qui est réfléchi par une deuxième pluralité de miroirs escamotables de faisceaux laser afin
de générer et projeter ladite deuxième pluralité de plans de balayage laser à travers ladite fenêtre de balayage
vertical.

16. Procédé selon la revendication 15, dans lequel ladite génération d’une pluralité de groupes de plans de balayage
laser croisés dans ledit volume de balayage 3-D comporte le fait de générer une pluralité de groupes de plans de
balayage laser croisés quasi-orthogonaux dans ledit volume de balayage 3-D.

17. Procédé selon la revendication 16, dans lequel lesdits six côtés comprennent les surfaces regardant vers le bas,
regardant vers le haut, regardant vers l’arrière, regardant vers l’avant, regardant vers la gauche, et regardant vers
la droite dudit objet en forme de boîte rectangulaire à six côtés orienté dans ledit volume de balayage 3-D disposé
entre lesdites fenêtres de balayage horizontal et de balayage vertical.

18. Procédé selon la revendication 16, dans lequel
ledit premier mécanisme de génération de plans de balayage laser produit un premier faisceau laser à partir d’un
premier module de production de faisceaux laser et
ledit deuxième mécanisme de génération de plans de balayage laser produit un deuxième faisceau laser à partir
d’un deuxième module de production de faisceaux laser.

19. Procédé selon la revendication 16, dans lequel la dimension de hauteur de ladite section horizontale est inférieure
à environ 4,5 pouces pour l’installation de ladite section horizontale dans une surface de comptoir au niveau de
ladite station de point de vente.
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20. Procédé la revendication 16, dans lequel ladite pluralité de groupes de plans de balayage laser croisés comprend
plus de soixante plans de balayage laser différents coopérant dans ledit volume de balayage 3-D pour générer ledit
modèle de balayage laser 3-D omnidirectionnel complexe.

21. Procédé selon la revendication 16, dans lequel chaque groupe de plans de balayage laser croisés quasi orthogonaux
comprend :

une pluralité de plans de balayage laser essentiellement verticaux pour lire des symboles de codes à barres
ayant des éléments de codes à barres qui sont orientés essentiellement parallèlement par rapport à ladite
fenêtre de balayage horizontal, et
une pluralité de plans de balayage laser essentiellement horizontaux pour lire des symboles de codes à barres
ayant des éléments de codes à barres qui sont orientés essentiellement orthogonalement par rapport à ladite
fenêtre de balayage horizontale.

22. Procédé selon la revendication 18, dans lequel ledit premier module de production de faisceaux laser comprend
une première diode à laser visible (VLD), et ledit deuxième module de production de faisceaux laser comprend une
deuxième diode à laser visible (VLD).

23. Procédé selon la revendication 18, dans lequel ladite première pluralité de miroirs escamotables de faisceaux laser
et ledit premier module de production de faisceaux laser coopèrent avec des premier et deuxième éléments optiques
de collecte/focalisation de lumière et des premier et deuxième photodétecteurs disposés dans ladite section hori-
zontale pour former des première et deuxième stations de balayage disposées autour dudit premier élément de
balayage polygonal, et
dans lequel l’élément optique de collecte/focalisation de lumière dans chaque station de balayage laser collecte de
la lumière de régions de balayage prédéterminées dans ledit volume de balayage 3-D et focalise la lumière collectée
sur le photodétecteur pour produire un signal électrique ayant une amplitude proportionnelle à l’intensité de la
lumière qui est focalisée dessus, et ledit signal électrique étant fourni à des circuits de traitement de signaux
analogiques/numériques destinés à traiter des signaux de données de balayage analogiques et numériques qui en
sont dérivés pour réaliser des opérations de lecture de symboles de codes à barres.

24. Procédé selon la revendication 23, dans lequel ladite deuxième pluralité de miroirs escamotables de faisceaux laser
et ledit deuxième module de production de faisceaux laser coopèrent avec un troisième élément optique de collecte/
focalisation de lumière et un troisième photodétecteur disposés dans ladite section verticale pour former une troi-
sième station de balayage disposée autour dudit deuxième élément de balayage polygonal, et
dans lequel l’élément optique de collecte/focalisation de lumière dans ladite troisième station de balayage laser
collecte la lumière de régions de balayage prédéterminées dans ledit volume de balayage 3-D et focalise la lumière
collectée sur le photodétecteur pour produire un signal électrique ayant une amplitude proportionnelle à l’intensité
de la lumière focalisée dessus, et ledit signal électrique étant fourni à des circuits de traitement de signaux analo-
giques/numériques destinés à traiter des signaux de données de balayage analogiques et numériques qui en sont
dérivés pour réaliser des opérations de lecture de symboles de codes à barres.

25. Procédé selon la revendication 18, dans lequel ledit premier élément de balayage polygonal comprend un premier
miroir de balayage polygonal ayant une première pluralité de facettes de miroir rotatives, et dans lequel ledit deuxième
élément de balayage polygonal comprend un deuxième miroir de balayage polygonal ayant une deuxième pluralité
de facettes de miroir rotatives.

26. Procédé selon la revendication 16, dans lequel ladite deuxième pluralité de facettes de miroir rotatives sur ledit
deuxième miroir de balayage polygonal sont classées en une première classe de facettes ayant des caractéristiques
d’angle d’élévation élevé (HE) et une deuxième classe de facettes ayant des caractéristiques d’angle d’élévation
bas (LE).

27. Procédé selon la revendication 16, dans lequel ledit modèle de balayage laser 3-D omnidirectionnel complexe est
généré à partir de ladite fenêtre de balayage horizontal et de ladite fenêtre de balayage vertical pendant la révolution
desdits premier et deuxième éléments de balayage polygonaux.

28. Procédé selon la revendication 18, dans lequel ledit premier élément de balayage polygonal est disposé dans ladite
section horizontale, et ledit deuxième élément de balayage polygonal est disposé dans ladite section verticale.
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