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(57) ABSTRACT

The invention relates to an apparatus and a method for read-
ing an optical code. The apparatus having a casing with a
reading window; the casing having an illuminator acting
through the reading window on an optical code to be read, a
detector responsive to light scattered from the i1lluminated
optical code 1nto the casing through the reading window, and
an objective lens interposed between the reading window
and the detector, 1n a position to pick up the light scattered
from the 1lluminated optical code and project this light onto
the detector. The detector having a plurality of light-sensitive
clements effective to convert the light to electric signals rep-
resenting the light image. The apparatus 1s characterized in
that the 1lluminator has a first array of light sources active in
a first 1llumination configuration, and at least a second array
of light sources active 1n at least a second 1llumination con-
figuration different from the first one.

31 Claims, 4 Drawing Sheets
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APPARATUS AND METHOD FOR READING
AN OPTICAL CODE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This 1s a Reissue Application of U.S. Pat. No. 6,631,846,
issued Oct. 14, 2003, which is a continuation of application
Ser. No. 09/320,643 filed May 27, 1999, now U.S. Pat. No.
6,817,525 the disclosure of which 1s incorporated herein by
reference.

BACKGROUND OF THE INVENTION

This mmvention relates to an apparatus and a method for
reading an optical code. More particularly, the invention
relates to an apparatus and a method for reading an optical
code within a preset distance range.

As 1s known, optical codes can be read by means of either
stationary or portable reading apparatus. In either cases, the
apparatus include a casing with a reading window through
which a means of illuminating a code to be read, and a
means of reading the 1mage of the code being read by detect-
ing light scattered therefrom and converting it to electric
signals, are both arranged to act. The detection means for
converting the light signal to an electric signal may be of
different types; in general, a so-called CCD (Charge-
Coupled Device) 1s used which comprises an array of a very
large number of light-sensitive elements.

Reading apparatus of the above-described type have a
drawback 1n that they can only provide a correct reading of
the optical codes within a limited distance range; this
restricts substantially their applicability.

A problem to be solved 1n code reading as effected by a
human operator and 1n automatic object sorting and handling,
systems, 1s that of identifving and classifying with a single
apparatus objects wherein the distance between the reading
apparatus and the optical code can considerably vary. In this
situation, the use of an apparatus as above described 1s
disadvantageous, since the apparatus 1s not always capable
ol correctly focusing on the object codes to be identificated.

The underlying technical problem of this invention 1s that
of enabling proper reading of optical codes placed at varying
distances within a broad range of distances, using an appara-
tus of simple and low-cost construction.

SUMMARY OF THE INVENTION

Thus, the present invention provides, according to a first
aspect thereol, an optical code reading apparatus which

COmprises:

a casing;
a reading window open 1nto the casing;

an 1lluminating means, housed within the casing, and
arranged to act on an optical code to be read through the
reading window;

a detection means, housed within the casing and respon-
stve to light scattered from the 1lluminated optical code
into the casing through the reading window;

an objective lens having an optical axis, the objective lens
being housed within the casing between the reading
window and the detection means, and being located to
pick up light scattered from the illuminated optical
code and project the picked-up light onto the detection
means, wherein the detection means comprises a plu-
rality of light-sensitive elements capable of converting
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said light to electric signals representing the light
image, characterized in that the illuminating means
comprises a first array of light sources which are active
in a first illumination configuration, and at least a sec-
ond array of light sources which are active in at least a
second illumination configuration different from the
first.

Thus, an apparatus for reading remotely placed optical
codes 1s provided which 1s capable of reading a code from a
fixed position as well as within a broad range of distances.

For this purpose, the apparatus of the mnvention has a field
depth which 1s considerably greater than that of conventional
reading apparatus, and 1s therefore particularly suitable for
reading optical codes within a broad range of distances. The
improved field depth 1s achieved by providing the reading
apparatus with a plurality of arrays of light sources which
can be selectively activated to define a plurality of different
illumination configurations, such that the optical code can be
1lluminated and focused 1n an optimum manner at any values
of the distance of the code from the reading apparatus.

Advantageously, the first array of light sources comprises
a plurality of light source pairs, each pair 1n turn comprising
respective light sources symmetrically arranged with respect
to the optical axis of the objective lens and aligned along a
substantially perpendicular direction to said optical axis,
said light sources lying 1n a first emission lay intersecting the
optical axis and the light-sensitive elements of the detection
means. This allows each portion of an optical code being
illuminated by the first array of light sources to be projected
through the objective lens onto the light-sensitive elements,
regardless of the distance between the optical code and the
reading apparatus, thereby to detect the light scattered from
the code and convert 1t to electric signals.

Advantageously, the plurality of light source pairs com-
prises a pair of outward sources disposed 1n an oflset posi-
tion from the optical axis of the objective lens by an angle a.,
and a pair of inward sources disposed 1n an oflfset position
from the optical axis of the objective lens by an angle {3,
smaller than the angle .. Even more advantageously, the
angle o 1s 1n the range of about 15° to about 18°, and the
angle {3 1s 1n the range of about 30 ° to about 6°. In this way,
the whole optical code can be suitably 1lluminated along its
extension, even when placed at a considerable distance away
from the reading apparatus.

In a specially advantageous embodiment, the apparatus of
the invention further comprises a means for confining the
light beam from the first array of light sources within a pre-
determined reading area. Preferably, this means comprises a
ring-shaped masking element associated with the casing at
the location of the reading window and having a substan-
tially straight inward edge, set at an angle substantially equal
to o with respect to the optical axis of the objective lens. As
such, a confined light beam can be obtained which has a well
defined shape and an extension substantially equal to that of
the vision field of the detection means; this contributes to
ensuring optimum 1llumination of the whole optical code at
any values of distance between code and reading apparatus,
thereby increasing the reading reliability.

The atorementioned advantages are also achieved by the
provision, in the reading apparatus, of a holder element for
the plurality of light source pairs which i1s formed with
respective seats for said light sources, said seats having
respective side walls shaped to confine the light beam from
cach source within the predetermined reading area.
Advantageously, said side walls also function to screen oif
the detection means, thereby preventing any spurious rays
issued from one of the light sources or reflected from a pro-
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tective glass pane covering the reading window 1n the casing,
from interfering with the scattered light from the code and
therefore affecting the reading.

According to one embodiment of the mnvention, the detec-
tion means comprises a linear CCD. In this case, the respon-
stve region ol the detection means 1s represented by a line
lying on the aforesaid first emission lay.

Advantageously, the apparatus of the mmvention further
comprises a means for widening the emission angle of the
light beam from the first array of light sources along the
direction of alignment of said first array of light sources, and
narrowing the emission angle of the light beam from the first
array of light sources along the perpendicular direction to
the first emission lay. Preferably, this means comprises a pair
of converging lenses housed within the casing at symmetri-
cal locations with respect to the optical axis of the objective
lens between the first array of light sources and the reading
window. Thus, these lenses will widen and flatten the light
beam from the first array of light sources to give 1t a compa-
rable shape to that of the responsive region of the detection
means, thereby improving the reading reliabality.

Advantageously, the second array of light sources com-
prises a plurality of second light sources having a lower light
intensity than the sources in the first array of light sources.
These sources are intended for i1lluminating the optical code
when the latter locates closer to the reading apparatus.

Advantageously, the second light sources are housed

within the casing symmetrically with respect to the optical
axis of the objective lens so as to be aligned to one another 1n
a second emission lay, different from the first one.
Preferably, the second emission lay 1s lower than the first
emission lay and the second light sources are housed within
the casing centrally with respect to the first array of light
sources. The peculiar layout of the second light sources
ensures optimum 1llumination of the code even at near-zero
distance of the code from the reading apparatus.
In this case, the light beam i1ssuing from the first array of
light sources would have a minimum of light intensity at the
central area, because of the gap existing between the two
inward light sources in the first array of light sources
wherein the objective lens 1s placed, and a maximum of light
intensity at the peripheral areas, thus impairing proper
acquisition of the code 1mage. This problem 1s overcome by
activating the second array of light sources; when activated,
these light sources will mainly i1lluminate the above-
mentioned central portion, thereby optimizing the overall
illumination along the whole optical code.

Preferably, the first array of light sources comprises two
pairs of discrete plastics LEDs, and the second array of light
sources comprises four SMD plastics LEDs.

The transition from one i1llumination configuration to the
other (and hence activating the light sources in the second
array) 1s effected according to an operational parameter indi-
cating the conditions of the reading operation.

In a first embodiment, the apparatus of this invention com-
prises a means for measuring the distance of the optical code
to be read from the reading apparatus, and a means for acti-
vating said first and at least second arrays of light sources
according to the distance measured.

Thus, the operational parameter, whereby a decision 1s
made as to whether the i1llumination configuration should be
changed, 1s the distance between the optical code to be read
and the reading apparatus. The reading apparatus preferably
comprises a device for measuring the distance (e.g. of the
modulated laser light type as disclosed in Patent Application
EP-A-0652530 by this Applicant) which 1s operatively

linked to a microprocessor adapted to process the light scat-
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tered from the i1lluminated code to calculate the distance
value from the code, so as to select an optimum 1llumination
configuration from a plurality of preset 1llumination configu-
rations.

In a second embodiment, the apparatus of this imvention
comprises means for detecting the light intensity outline of
the scattered light from the optical code, a means for com-
paring this outline with a reference outline, and a means for
activating said first and at least second arrays of light sources
according to the difference between the detected outline and
the reference outline. The operational parameter whereby a
decision 1s made as to whether to change the 1llumination
configuration 1s, therefore, the light intensity outline of the
code. The reading apparatus comprises, 1n particular, an
envelope extractor, of a type known, which 1s operatively
linked to a control unit arranged to compare the of light
intensity outline scattered from the code with the reference
outline, and accordingly select an optimum illumination
configuration from a plurality of preset 1llumination configu-
rations.

In a preferred embodiment, the apparatus of this invention
advantageously includes a means of decoding the optical
code. Preferably, the apparatus further includes a means of
activating said first and at least second arrays of light sources
according to the results of decoding attempts. The opera-
tional parameter whereby a decision 1s made as to whether
the 1llumination configuration should be changed 1s, 1n this
case, the number of unsuccessiul decoding attempts made.

Preferably, the means for activating said first and at least
second arrays of light sources comprises a microprocessor,
the apparatus further including a means of amplifying the
clectric signals generated by the detection means and means
of converting the amplified electric signals to digital signals
to be delivered to the microprocessor. In particular, the
microprocessor inspect the readings that fail to produce a
decoding, class them, and accordingly select an optimum
illumination configuration from a plurality of preset 1llumi-
nation configurations.

According to a preferred embodiment, the apparatus of
the mvention includes a means of varying the amplification
level of the electric signals generated by the detection
means. In this way, the electric signals generated by the
detection means can be digitalized even when they are too
weak (such as because generated from a code located on a
far surtace and/or having low contrast) or too strong (such as
because generated from a code located on a near surface
and/or having high contrast).

Preferably, the conversion means comprises a main digi-
talizer having a preset sensitivity and an auxihiary digitalizer
whose sensitivity 1s higher than that of the main digitalizer.
Advantageously, the two digitalizers are complementary
ones; 1n fact, the main digitalizer 1s characterized by low
signal distortion and 1s specially effective to digitalize sig-
nals having a wide dynamic range (e.g., for bar codes, sig-
nals wherein the difference in voltage level between the bar
clement and the space element 1s large), while the auxihary
digitalizer 1s specially effective to digitalize signals having a
dynamic range which may be quite narrow, although with a
higher signal distortion. Thus, the electric signals generated
by the detection means in the different operative conditions
in which the reading i1s carried out can be correctly
digitalized, thereby improving the performance level of the
reading apparatus.

According to a second aspect, this mvention provides a
method of reading an optical code by an apparatus compris-
ing a means ol illuminating an optical code to be read and
means of detecting light scattered from the 1lluminated opti-
cal code, which method comprises the following steps:
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a) 1lluminating an optical code to be read so as to define a
read scan;

b) picking up the light scattered from the illuminated opti-
cal code on the detection means;

¢) converting the picked-up light to electric signals repre-
senting the light image;
characterized in that step a) of 1lluminating the optical code
in turn comprises the following steps:

al ) acquiring an operational parameter indicating specific
conditions of the reading operation;

a2) activating, according to the acquired operational
parameter, a first array and/or at least a second array of
light sources so as to 1lluminate the code according to
respective preset 1llumination configurations.

The method of the invention advantageously enables an
optimum 1llumination configuration to be selected to suit
specific conditions of operation, thereby enhancing the reli-
ability of the reading carried out.

In a first embodiment of the inventive method, step al) of
acquiring the operational parameter comprises a step of
measuring the distance of the code to be read from the read-
ing apparatus.

In a second embodiment of the inventive method, step al )
ol acquiring the operational parameter comprises the follow-
ing steps:

detecting a light intensity outline of the scattered light

from the optical code;

comparing said outline with a reference outline;

controlling the emissions from the light sources in the first
and/or second arrays of light sources according to the
difference between the detected outline and the refer-
ence outline.

In a specially advantageous embodiment of the method
according to the invention, the operational parameter
whereby a decision 1s made as to whether the 1llumination
configuration should be changed 1s the number of unsuccess-
tul decoding attempts.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of this mvention will be
better understood from the following detailed description of
a preferred embodiment thereof, given with reference to the
accompanying drawings. In the drawings:

FIG. 1 1s a perspective view of an internal card of an
optical code reading apparatus according to the invention
with the construction elements of the apparatus mounted
thereon;

FIG. 2 1s a front view of the card shown in FIG. 1;
FIG. 3 1s a side view of the card shown 1n FIG. 1;

FIG. 4 1s a top plan view of the card in FIG. 1, with a
ring-shaped masking element associated with one end
thereol to confine a light beam within a predetermined read-
Ing area;

FIG. 5 1s an enlarged exploded view of a portion of the
card shown in FIG. 4;

FIG. 6 15 a diagram exemplifying the optical code reading
method of this invention.

DETAILED DESCRIPTION OF THE INVENTION

Shown at 1 1n the drawing figures 1s a holder card intended
for installation mside a casing (not shown) of an optical code
reading apparatus (not shown). The casing 1s formed of
lower and upper shells which can be conventionally joined
together 1nto an enclosure capable of screening off any light
rays other than those belonging to the reflected 1image of the
optical code.
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Throughout this description and the appended claims, the
term “‘optical code” 1s used to 1indicate a code (such as a bar
code, a two-dimensional code, or the like) adapted to univo-
cally 1identity the objects that bear 1it. In particular, reference
will be made herein to bar codes for the sake of clarity.

As shown 1 FIGS. 1 to 5, the holder card 1 comprises a
front portion 1a mtended to be facing the optical code to be
read, 1n operation of the reading apparatus, and a back por-
tion 1b. The front portion 1a 1s provided with an 1llumination
means 3 adapted to illuminate the optical code through a
reading window (not shown) which 1s formed through the
reading apparatus casing at the free end of the front portion
1a of the holder card 1. The back portion 1b 1s provided with
a detection means 4 adapted to detect light scattered from the
illuminated optical code and passed to the casing interior
through the reading window for converting this light to elec-
tric signals representing the light image.

Preferably, the detection means 4 comprises a linear type
of CCD sensor 5, itself comprising an array formed of a very
large plurality of individual light-sensitive elements 5a (FIG.
4). Alternatively, the detection means 4 could comprise
matrix or CMOS sensors; 1n any case, a responsive region 4a
to the light scattered from the optical code (which region
would be a line where a linear CCD 1s utilized) 1s defined on
the detection means 4.

The 1llumination means 3 comprises a first array of light
sources 6 (hereimnafter also referred to as the main
illuminators) and a second array of light sources 7 (the aux-
iliary illuminators) interposed between the first array of light
sources 6 and the reading window. The first array of light
sources 6 specifically comprises four discrete plastics LEDs,
exhibiting high properties of light intensity and directivity,
which have a diameter of about 5 mm and are housed in
respective seats 6a formed 1n a holder element 8 made of a
plastics material and mounted on the holder card 1 at the
front portion 1a.

The holder element 8 1s formed centrally with a seat 9a for
receiving an objective lens 9 arranged to pick up light scat-
tered from the 1lluminated optical code and project this light
onto the detection means 4. The objective lens 9 has an

optical axis Z which 1s substantially coincident with a longi-
tudinal centerline of the holder card 1.

The LEDs 6 are positioned on the holder 8 symmetrically
with respect to the optical axis Z of the objective lens 9; they
are also aligned along a direction X which 1s perpendicular
to said optical axis Z, thereby to define a first emission lay
X-7Z mtersecting the optical axis Z and the responsive region
da of the light-sensitive elements 3a. In particular, the LEDs
6 comprise a pair of outward LEDs 61 disposed 1n an offset
position from the optical axis Z of the objective lens 9 by an
angle o within the range of about 15° to about 18°, and a pair
of inward LEDs 62 disposed in an offset position from the
optical axis Z of the objective lens 9 by an angle p within the
range of about 3° to about 60°.

The seats 6a have opposite side walls 10 which are shaped
to confine the light beam 1ssuing from each LED 6 within a
predetermined reading area. For the same purpose, the read-
ing apparatus of the mvention includes a ring-shaped mask-
ing element 11, generally made of a rubber, which 1s associ-
ated with the casing, at the front portion 1a of the holder card
1, and provided with a straight inner edge 12, set at an angle
with respect to the optical axis Z of the objective lens 9,
which 1s substantially the same as the angle c.

The holder element 8 1s also provided with a pair of con-
verging lenses 13 recerved 1n respective seats 13a formed 1n
the holder element 8, between the seats 6a for the LEDs 6




US RE41,349 E

7

and the reading window, at symmetrical locations with
respect to the optical axis Z; the lenses 13 are designed to
reduce the emission angle of the light beam 1ssuing from the
LEDs 6 1n a direction Y perpendicular to the first emission
lay X-7, and to increase 1t 1n the direction X.

The second array of light sources 7 comprises four SMD
plastics LEDs of lower light intensity and directivity than the
LEDs 6; these LEDs 7 are aligned directly on the holder card
1 at central and symmetrical locations with respect to the
optical axis Z of the objective lens 9, and define a second
emission lay which 1s lower than and parallel to the first one.

The reading apparatus of the invention further includes a
means ol acquiring an operational parameter indicating spe-
cific conditions of the reading operation, according to which
parameter a microprocessor (not shown) will decide about
the light sources to be activated. In a first embodiment, not
shown, this means comprises a device for measuring the
distance of the code to be read from the reading apparatus
(such as that described 1n Patent Application EP-A-0652530
by this Applicant), being operatively linked to the micropro-
cessor which 1s to process the light scattered from the 1llumi-
nated code to calculate the value of the distance to which the
code 1s located and select, through appropriate circuitry, an
optimum 1llumination configuration from a plurality of pre-
set 1llumination configurations. Examples of optimal 1llumai-
nation configurations versus distance are given in Table 1.

TABLE 1
DISTANCE MAIN AUXILIARY
(cm) ILLUMINATOR ILLUMINATOR
d<?2 OFF FULL POWER
2<d<4 OUTER LEDS: FULL POWER FULL POWER
INNER LEDS: OFF
4 «<d <7 OUTER LEDS: FULL POWER MEDIUM POWER
INNER LEDS: MEDIUM POWER
d>7 FULL POWER OFF

In a second embodiment, not shown, the operational param-
cter indicating specific conditions of the reading operation 1s
the code light intensity outline; the reading apparatus
includes here an envelope extractor, of a type known, which
1s operatively linked to a microprocessor, itself arranged to
compare the outline of light intensity being scattered from
the code with a reference outline 1 order to select an opti-
mum illumination configuration from a plurality of preset
illumination configurations. In particular, with the emission
angle of each LED being known, the reading area can be
divided 1nto n imaginary regions of action, one for each
LED; the average level of the code light intensity 1s detected
on each of said regions and compared with a target average
level. The microprocessor, based on the n difference values
thus obtained and while taking account of the extent that
cach LED can contribute to also illuminate adjacent regions
of action, will then decide as to whether the light intensity
contribution of each of them should be increased or
decreased by increasing or decreasing the supply current.

In the preferred embodiment of the invention, the reading
apparatus includes a means of amplitying the electric signal
generated by the detection means 4, means of converting the
amplified electric signals to digital signals, and a micropro-
cessor arranged to process the digital signals and attempt to
decode the read code (all of which are not shown because
conventional). In this embodiment, the operational param-
eter indicating specific conditions of the reading operation 1s
the number of unsuccesstul decoding attempts; thus the
microprocessor will, based on this number, decide on which
of the LEDs 6 and 7 to activate in order to produce an opti-
mum 1llumination configuration.
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Preferably, the amplifying means 1s a controlled gain type,
that 1s capable of varying the electric signal amplification
level, and the converting means comprises a main digitalizer
having a preset sensitivity and an auxiliary digitalizer having
a higher sensitivity than the main digitalizer.

The operation of the reading apparatus of this mvention
will now be described in relation to 1ts preferred embodi-
ment.

The optical code 1s 1lluminated to define a first read scan;
light scattered from the code 1s picked up, through the objec-
tive lens 9, on the detection means 4 to generate an electric
signal representing the light image scattered back from the
code. This signal 1s then amplified and converted to a digital
signal by the main digitalizer; the digitalized signal 1s subse-
quently supplied to the microprocessor for further process-
ng.

In particular, the microprocessor 1s arranged to use a con-
trol algorithm effective to control the turning on of 1ndi-
vidual LEDs 1n the first and second arrays of light sources,
such that an optimum 1illumination configuration can be
selected from a plurality of preset illumination configura-
tions to suit specific conditions of operation and, therefore,
allow the bar code to be decoded. The algorithm 1s con-
structed to take into account the fact that a remote reader 1s
involved having two arrays of light sources and two digi-
talizers.

To this aim, two preset configuration modes are provided
for the two 1lluminators, and two configuration modes for
the two digitalizers. The preset configuration modes for the
two 1lluminators are as follows:

a primary configuration mode wherein all the LEDs 6 of
the main illuminator are supplied with a constant cur-
rent same as the nominal current, and the LEDs 7 of the

[l

auxiliary 1lluminator are turned off;

a secondary configuration mode wherein the outward

LEDs 61 of the main illuminator are supplied with a
constant current which 1s one half the nominal current,
the inward LEDs 62 are turned off, and the LEDs 7 of
the auxiliary illuminator are supplied with a constant
current same as the nominal current.

In operation, the microprocessor will decide as to whether
the first or the second of said configurations modes should be
activated, switching from the current one to the other,
according to the number of unsuccesstul attempts made to
decode the code. As for the main and the secondary
digitalizers, these are both kept always active, to each time
digitalize the same analog signal coming from the amplify-
ing means; however, the microprocessor will only process
the output signal from one of them, switching from the cur-
rent one to the other, according to the number of unsuccess-
tul attempts at decoding the code.

Starting from a default configuration mode denoted by A
in the diagram of FIG. 6 (which configuration 1s considered
to represent an optimum for high dynamic range signals and
medium-to-long distances), wherein the main digitalizer and
the 1lluminators 1n the primary configuration mode are used,
the control algorithm programmed into the microprocessor
will provide a drive strategy for the illuminators and the
digitalizers directed to enable the code to be read correctly.
In particular, this strategy consists of carrying out two opera-
tion cycles, respectively a restricted cycle and a standard
cycle. During the restricted operation cycle, the operation 1s
switched from the starting configuration A to a second con-
figuration mode C (regarded to be an optimum for low
dynamic range signals and medium-to-long distances),
wherein the auxiliary digitalizer and the illuminators in the
primary configuration mode are used, and the other way
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round. During the standard operation cycle, the operation 1s
switched from the starting configuration A to a third configu-
ration mode B, same as the second configuration C, and then
to a fourth configuration mode D (regarded to be an opti-
mum for high dynamic range signals and short distances),
wherein the main digitalizer and the 1lluminators in the sec-
ondary configuration mode are used, and ultimately to a fifth
operation configuration mode E (regarded to be an optimum
tor low dynamic range signals and short distances), wherein
the auxiliary digitalizer and the 1lluminators in the secondary
configuration mode are used. The standard operation cycle 1s
terminated by going back to the starting operation configura-
tion mode A.

The driving strategy for the illuminators and the digitaliz-
ers provided by this invention to have an optical code prop-
erly read will be discussed next.

The reading step starts from the starting configuration
mode A. The optical code 1s, therefore, illuminated with the
LEDs of the first array of light sources 6, and the analog
clectric signal detected 1s amplified and converted to a digi-
tal signal by the main digitalizer. The digitalized signal 1s
then supplied to the microprocessor which, before attempt-
ing to decode, will check if the number of transitions
detected on the signal 1s larger or smaller than a predeter-
mined value K (e.g., eight).

The term “transition” 1s used in this specification and the
appended claims to indicate a switch between two different
levels of brightness; for example, a transition would occur
from a white element to a black element of a bar code, and
vICE versa.

The above check 1s to verily that the processed signal does
represent an optical code. In fact, 11 the number of transitions
1s found very small, 1t 1s judged that the i1lluminated reading
area contains no optical codes so that, rather then a decoding
attempt, a new read scan would be made of preference. On
the other hand, 1f the number of transitions exceeds the pre-
determined value K, it 1s judged that the 1lluminated reading
area does contain an optical code, and a decoding attempt 1s
made.

In the former 1nstance, the microprocessor would mstruct
the acquisition of a new scan, iteratively repeating the check
for the number of transitions detected on the signal for a
predetermined number 7 of times (e.g., five). If the check
gives a negative result consecutively for a predetermined
number 7 of times (and hence, with no decoding attempts
being made), the microprocessor instructs a change to the
configuration mode C, carrying out the restricted operation
cycle. On the other hand, each time that the check for the
number of transitions gives a positive result, a decoding
attempt 1s made, and 11 the attempt 1s successiul, the code
decoding 1s indicated and preparation 1s made for reading
another code; otherwise, the microprocessor instructs a
change to the configuration mode B for carrying out the
standard operation cycle. A change to the configuration B 1s
also instructed where a total number of decoding attempts
greater than a predetermined number p (e.g., si1X) 1s made 1n
the configuration mode A.

In the configuration modes C and B, the checking steps
for the number of transitions that appear 1in the scan are
repeated 1teratively, along with decoding attempts, 11 any, as
described hereinabove.

The choice of the cycle to be performed 1s dependent on
the fact that a switch 1n i1llumination configuration involves a
glare effect, commonly known as “flashing”, which may be
objectionable for the user. Accordingly, from the starting
configuration A, a decision 1s made as to whether a restricted
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discriminating data: the occurrence of at least one unsuc-
cessiul decoding attempt (an event denoted by the term BAD
DECODING) 1n the starting configuration mode A. The
absence of BAD DECODING events would indicate, 1n fact,

that the number of transitions 1n the acquired signal 1s mnsui-
ficient and rules out, with good probability, the existence
near the reading apparatus of an optical code which goes
undecoded because of i1nsufficient i1llumination; on the
contrary, this 1s likely to be an indication of a code lying far
away and/or having low contrast (a situation of low dynamic
range of the signal). Under such conditions, performing the
restricted cycle 1s preferred, thereby avoiding the need to
change the illuminator and the flashing effect that goes with
it.

It should be noted that the detection of the discriminating,
data (the occurrence of at least one BAD DECODING event)
when deciding on the cycle to be performed, 1s only effected
on the signal from the main digitalizer (configuration A),
which 1s far more reliable than the auxihiary digitalizer.
Being more sensitive than the main digitalizer, the auxiliary
digitalizer 1s quicker to detect dummy transitions (1.e., tran-
sitions due, for example, to the presence of objects of differ-
ent colors, or differently i1lluminated and/or colored, in the
field of view of the reading apparatus, rather than to the
presence of any bar code).

The choice of switching between digitalizers 1n advance
of the illuminators 1s dictated by the fact that the reading
apparatus of the mnvention 1s specifically designed for remote
reading, 1.e. for reading distant codes. Thus, the missed
decoding (BAD DECODING event) 1s first attributed to an
insuificient dynamic range of the signal (as due to the code
remoteness and consequent poor 1llumination, or to low con-
trast of the print), which 1s tentatively obviated by the use of
a more sensitive digitalizer (the auxiliary digitalizer); in fact,
it will be appreciated that in the above-outlined situation,
switching to the auxiliary illuminator is of no avail. This
change would only be effected where the switching of digi-
talizers yields unsatisfactory results, 1t being then justifiable
to conclude that the code 1s 1 a close-by position. In this
case, the main digitalizer 1s concurrently operated, the
assumption being that, with a code in a close-by position, the
illumination 1s suificient; accordingly, a decoding attempt on
a signal which contains the smallest possible amount of dis-
tortion (1.e., the signal from the main digitalizer) i1s to be
preferred.

The operation goes back to the starting configuration
mode A from configuration C, 11 alternatively:

a decoding attempt has been successiul;

the check for the number of transitions detected in the
signal gives a negative result consecutively for a prede-
termined number 7 of times without any decoding
attempts being made;

the total number of unsuccessiul decoding attempts is
greater than a predetermined number q (e.g., four).
The operation goes back to the starting configuration
mode A from configuration B, i alternatively:

a decoding attempt has been successtul;

the check for the number of transitions detected in the
signal gives a negative result consecutively for a prede-
termined number ;7 of times without any decoding
attempts being made. On the other hand, 11 1n configu-
ration mode B the total number of unsuccesstul decod-
ing attempt exceeds a predetermined number g (e.g.,
four), then the microprocessor instructs a change to the
configuration mode D of operation.
Preferably, the change to the configuration mode D 1s pre-
ceded by a step of varying the signal amplification level (step
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AGC PULSE m the diagram of FIG. 6). In particular, the
microprocessor will effect a sort of amplifier gain reset by
suddenly forcing a gain value equal to the maximum allow-
able value and then allowing 1t to evolve naturally back to
the correct value. This will obviate, on the one side, an inher-
ently slow action of the amplifier when called upon to adjust
the gain level upwards, and on the other side, provision of
very high gain levels that the amplifier would be unable to
attain naturally because they can lead to signal saturation.
Such high gain values might provide an adequate amplifica-
tion of the signal in those instances where it 1s very low,
thereby permitting digitalization.

In the configuration mode D, the steps of checking for the
number of transitions in the scan, and any decoding
attempts, are repeated iteratively as described above.

From the configuration mode D, the operation goes back
to the starting configuration A, when a decoding attempt 1s
successiul. If 1n the configuration mode D the total number
of unsuccessiul decoding attempts exceeds a predetermined
number p (€.g., s1x), or if the check for the number of transi-
tions detected 1n the signal gives a negative result consecu-
tively for a predetermined number 7 of times, without any
decoding attempts being made, the microprocessor mstructs
a change to the configuration mode E.

In the configuration mode E, the steps of checking for the
number of transitions in the scan, as well as any decoding
attempts, are repeated iteratively as previously described.

From the configuration mode E, the operation finally goes
back to the starting configuration A (to begin a new cycle)
alter carrying out the AGC PULSE step, if alternatively:

a decoding attempt 1s successiul;

the check for the number of transitions detected in the
signal gives a negative result consecutively for a prede-
termined number 1 of times without any decoding
attempts being made; or

the total number of unsuccessful decoding attempts 1s

greater than a predetermined number q (e.g., four).

It should be noted that the transitions from configuration
A to configuration B, and from D to E, occur after six BAD
DECODING events 1n configurations A and D, respectively,
whereas the transitions from B to D, and from E to A, only
occur after four BAD DECODING events in B and E,
respectively. This will depend on the activation or deactiva-
tion oI AGC PULSE. The effect of a sudden, artful modifica-
tion of the gain value of the analog signal amplification stage
makes 1tself felt through two or three scans; in order for the
stage to be restored to 1ts normal amplification value, a suili-
cient number of scans must be completed.

More generally, the numbers of events, K, i, p, g, may not
be the same for all of the configuration modes, A, B, C, D,
E.; preferably, such number will be individually different for
cach of said configuration modes.

In the diagram of FIG. 6, the process steps described here-
inabove are designated as follows:

NULL.: 1s a variable which 1s updated each time that a new
reading 1s carried out with no decoding attempts being
made (accordingly, a NULL event will occur where the
acquired scan contains an insuificient number of transi-
tions for recognition as a bar code);

BAD_ DEC: 1s a vaniable which 1s updated each time that
a decoding attempt 1s made (a BAD DECODING event

will occur where the attempt 1s unsuccessiul);

GOOD DECODING: 1s an event that will occur where the
decoding attempt 1s successiul;

solid line rectangles represent steps in which values are
assigned for NULL and BAD_ DEC vaniables:
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solid lines represent switches between configuration
modes as brought about by BAD DECODING events;

outlined lines represent switches between configuration

modes as brought about by NULL events.

In the method of this invention, the NULL wvariable 1s
updated each time that a new reading 1s carried out, each
time that a decoding attempt 1s made (regardless of whether
successiully or unsuccessfully), and each time that a con-
figuration switch occurs. The BAD_ DEC variable 1s

updated each time that a decoding attempt 1s made, and 1s
reset each time that the operation goes back to the starting,
configuration mode A; the value of this vaniable would be
increased before switching from one configuration to
another.

What 1s claimed 1s:

[1. A reading head for an apparatus for reading an optical
code, comprising:

an illuminating means adapted to emit light toward an

optical code to be read;

a linear sensor responsive to the light diffused from the
illuminated optical code and having a sensitive line
extended along a direction X;

an optical apparatus for focusing the diffused light on the
linear sensor, said optical apparatus having an optical
ax1is Z. which 1s substantially perpendicular to said sen-
sitive line and defining with said sensitive line a plane
X-7;
wherein said illuminating means generates a fan of light
having a plane of symmetry substantially lying on said plane
X-7.]

[2. A reading head according to claim 1, wherein said
illuminating means comprises at least one first light source
disposed on one side of the optical axis Z of the optical
apparatus and at least one second light source disposed on
the other side of the optical axis Z of the focusing optical
apparatus. }

[3. A reading head according to claim 2, wherein said first
and second light sources are symmetrically arranged with
respect to the optical axis Z of the focusing optical appara-
tus.]

[4. A reading head according to claim 2, wherein said
i1lluminating means comprises a plurality of first and second
light sources arranged 1n pairs including a pair of outward
sources disposed 1n an offset position from the optical axis 7
of the focusing optical apparatus by an angle ¢, and a pair of
inward sources disposed 1n an offset position from the opti-
cal axis Z of the focusing optical apparatus by an angle 3
smaller than the angle o..}

[5. A reading head according to claim 4, wherein the angle
. 1s 1n the range of about 15° to about 18°, and the angle {3 1s
in the range of about 3° to about 6°.}

[6. A reading head according to claim 4, wherein said
illuminating means comprises two pairs of discrete plastics
LEDs.]

[7. A reading head according to claim 1, further compris-
ing a means for widening the emission angle of said fan of
light 1n the plane X-Z along the direction X parallel to the
sensitive line of the linear sensor, and for narrowing the
emission angle of said fan of light along a direction which 1s
perpendicular to the plane X-Z.]

[8. A reading head according to claim 7, wherein the
means for widening and narrowing the emission angle of
said fan of light comprises at least one converging lens
placed downstream said first and second light sources.]

[9. A reading head according to claim 8, wherein the
means for widening and narrowing the emission angle of
said fan of light comprises a pair of converging lenses placed
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downstream said first and second light sources at symmetric
locations with respect to the optical axis Z of the focusing
optical apparatus.}

[10. A reading head according to claim 1, wherein the
linear sensor comprises a CCD sensor.]

[11. A reading head according to claim 1, wherein the
linear sensor comprises a CMOS sensor.]

[12. A reading head according to claim 1, further compris-
ing a means for confining within a predetermined reading
area said fan of light.]

[13. A reading head according to claim 12, wherein said
illuminating means comprises a plurality of first and second
light sources arranged 1n pairs including a pair of outward
sources disposed 1n an offset position from the optical axis Z
ol the focusing optical apparatus by an angle o, and a pair of
inward sources disposed 1n an oifset position from the opti-
cal axis Z of the focusing optical apparatus by an angle 3
smaller than the angle a, and wherein the means for confin-
ing said fan of light comprises a ring-shaped masking ele-
ment having a substantially straight inward edge set at an
angle substantially equal to o with respect to the optical axis
Z. of the focusing optical apparatus.]

[14. A reading head according to claim 12, further com-
prising a holder element for said first and second light
sources which 1s formed with respective seats for said light
sources, said seats having respective side walls shaped to
confine within said predetermined reading area the light
emitted from each source of said plurality of light sources.]

[15. An apparatus for reading an optical code comprising
a reading head according to claim 1, further comprising a
means for decoding the optical code.}

[16. An apparatus for reading an optical code according to
claim 15, further comprising a casing with a reading window
adapted to allow emission of said fan of light and collection
into the casing of the light diffused from the illuminated
optical code.]

[17. An apparatus for reading an optical code according to
claim 16, wherein said casing is portable.]

[18. An apparatus for reading an optical code according to
claim 16, wherein said casing is stationary.]

[19. A reading head for an apparatus for reading an optical
code, comprising:

an illuminating means adapted to emit light toward an
optical code to be read;

a linear sensor responsive to the light diffused from the
illuminated optical code and having a sensitive line
extended along a direction X;

an optical apparatus for focusing the diffused light on the
linear sensor, said optical apparatus having an optical
axis Z. which 1s substantially perpendicular to said sen-
sitive line and defining with said sensitive line a plane
X-7;
wherein said i1lluminating means comprises at least one first
light source disposed on one side of the optical axis Z of the
focusing optical apparatus and at least one second light
source disposed on the other side of the optical axis Z of the
focusing optical apparatus, said at least one first and second
light sources having their axes substantially lying on said
plane X-Z7.}
[20. A reading head for an apparatus for reading an optical
code, comprising:
an illuminating means adapted to emit light toward an
optical code to be read;

a linear sensor responsive to the light diffused from the
illuminated optical code and having a sensitive line
extended along a direction X;
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an optical apparatus for focusing the diffused light on the
linear sensor, said optical apparatus having an optical
ax1is Z. which 1s substantially perpendicular to said sen-
sitive line and defining with said sensitive line a plane
X-Z;

wherein said 1lluminating means generates a fan of light
having a plane of symmetry substantially lying on said
plane X-Z, said illuminating means comprising at least
one first light source disposed on one side of the optical
axis Z of the optical apparatus and at least one second
light source disposed on the other side of the optical
ax1s Z. ol the optical apparatus, and wherein the appara-
tus further comprises at least one lens placed down-
stream said first and second light sources for widening,
the emission angle of said fan of light 1n the plane X-Z
along the direction X parallel to the sensitive line of the
linear sensor, and for narrowing the emission angle of
said fan of light along a direction which 1s perpendicu-
lar to the plane X-Z.]

[21. A reading head for an apparatus for reading an optical

code, comprising:

an illuminating means adapted to emit light toward an

optical code to be read;

a linear sensor responsive to the light diffused from the
illuminated optical code and having a sensitive line
extended along a direction X;

an optical apparatus for focusing the diffused light on the
linear sensor, said optical apparatus having an optical
ax1is Z. which 1s substantially perpendicular to said sen-
sitive line and defining with said sensitive line a plane
X-7;

wherein said illuminating means generates a fan of light
having a plane of symmetry substantially lying on said
plane X-Z, said illuminating means comprising at least
one first light source disposed on one side of the optical
axis Z of the optical apparatus and at least one second
light source disposed on the other side of the optical
ax1s Z. of the optical apparatus, and wherein the appara-
tus further comprises a pair of lenses placed down-
stream said first and second light sources at symmetric
locations with respect to the optical axis Z of the optical
apparatus, for widening the emission angle of said fan
of light 1n the plane X-Z along the direction X parallel
to the sensitive line of the linear sensor, and for narrow-
ing the emission angle of said fan of light along a direc-
tion which is perpendicular to the plane X-Z.]

[22. A reading head for an apparatus for reading an optical

code, comprising:

an illuminating means adapted to emit light toward an

optical code to be read;

a linear sensor responsive to the light diffused from the
illuminated optical code and having a sensitive line
extended along a direction X;

an optical apparatus for focusing the diffused light on the
linear sensor, said optical apparatus having an optical
ax1is Z. which 1s substantially perpendicular to said sen-
sitive line and defining with said sensitive line a plane
X-7;

wherein said 1lluminating means generates a fan of light
having a plane of symmetry substantially lying on said
plane X-Z, said illuminating means comprising at least
one first light source disposed on one side of the optical
axis Z. of the optical apparatus and at least one second
light source disposed on the other side of the optical
ax1s Z. ol the optical apparatus, and wherein the appara-
tus further comprises a holder element for said first and
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second light sources which comprises respective seats
for supporting said first and second light sources such
that said light sources have their axes substantially
lying on said plane X-Z.]

[23. A reading head according to claim 22, wherein said
illuminating means comprises a plurality of said first and
second light sources arranged in pairs, each source included
in each of said pairs being disposed 1n an offset position
from the optical axis Z of the optical apparatus by a prefixed
angle, and wherein each of said seats i1s oriented at said
prefixed angle.]

[24. A reading head according to claim 23, wherein said
pairs of light sources include a pair of outward sources dis-
posed 1n an oifset position from the optical axis Z of the
optical apparatus by an angle o, and a pair of inward sources

disposed 1n an ofiset position from the optical axis Z of the
optical apparatus by an angle f§ smaller than the angle c..]

25. A reading head for an apparatus for reading an opti-
cal code, comprising:

illuminating means adapted to emit light toward an opti-
cal code to be read;

a linear sensor rvesponsive to the light diffused from the
illuminated optical code and having a sensitive line
extended along a divection X;

an optical apparatus for focusing on the linear sensor the
light diffused by the illuminated optical code, said opti-
cal apparatus having an optical axis Z which is sub-
stantially perpendicular to said sensitive line;

wherein said illuminating means comprise at least one
fivst light source disposed on one side of the optical axis
Z and at least one second light source disposed on the
other side of the optical axis Z,;

said reading head further comprising a holder element for
said at least one first and second light sources, wherein
said holder element comprises vespective seat elements
provided thereon and configured to support said at
least one first and second light sources such that each
of said at least one first and second light sources has an
optical emission axis substantially lving on a plane X-Z

defined by said optical axis Z and said sensitive line of

the linear sensor.

26. A reading head according to claim 25, wherein said
seat elements comprise respective first seat portions for sup-
porting said light sources in a fixed position along a direc-
tion Y which is perpendicular to said plane X-Z.

27. A reading head accorvding to claim 26, wherein said
respective first seat portions comprise lower seat portions.

28. A reading head accovding to claim 25, wherein said
seat elements comprise respective second seat portions for
supporting said light sources in corresponding fixed posi-
tions along a direction which is parallel to the sensitive line.

29. A reading head accovding to claim 28, wherein said
respective second seat portions comprise opposite lateral
seat portions configured to receive said light sources
between them.

30. A reading head according to claim 28, wherein said
respective second seat portions comprise portions of curved
surface.

31. A reading head accorvding to claim 25, wherein said
holder element further comprises a seat for supporting said
Jocusing optical apparatus.

32. A reading head according to claim 25, comprising a
holder card supporting said holder element.

33. A reading head according to claim 25, wherein said at
least one first and second light sources ave symmetrically
arranged with vespect to the optical axis Z of the focusing
optical apparatus.

16

34. A reading head according to claim 25, wherein said
illuminating means generates a light beam having an emis-
sion angle and further comprising a means for widening the
emission angle of said light beam along a divection parallel

5 to the sensitive line of the linear sensor and for flattening the

emission angle of said light beam along a divection Y which

is perpendicular to the plane X-Z.

35. A reading head according to claim 34, wherein the
means for widening and flattening the emission angle of said
light beam comprise at least one converging lens placed
downstream said at least one first and second light sources.

36. A reading head according to claim 34, wherein the
means for widening and flattening the emission angle of said
light beam comprise a pair of converging lenses placed
downstream said at least one first and second light sources
15 at symmetric locations with respect to the optical axis of the

Jfocusing optical apparatus.

37. A reading head according to claim 34, wherein said
holder element further supports said means for widening
and flattening the emission angle of said light beam.

20  38. A reading head accovding to claim 34, wherein said
holder element is provided with seats for receiving said
means for widening and flattening the emission angle of said
light beam.

39. A veading head according to claim 25, wherein said at

25 least one first and second light sources are arrvanged in at
least one corresponding paiv of light sources, each light
source included in said pair of light sources being disposed
in an offset position from the optical axis Z of the focusing
optical apparatus by a prefixed angle, and wherein each seat

30 of the respective light source comprises a seat portion ovi-
ented at said prefixed angle.

40. A veading head according to claim 39, wherein said at
least one pair of light sources includes a pair of outward
sources disposed in an offset position from the optical axis Z

35 of the focusing optical apparatus by an angle o. and a pair of
inward sources disposed in an offset position from the opti-
cal axis Z of the focusing optical apparatus by an angle [3
smaller than the angle a.

41. A rveading head according to claim 40, wherein the

40 angle . is in the range of about 15° to about 18° and the
angle P is in the range of about 3° to about 6°.

42. A reading head according to claim 39, wherein said
illuminating means comprise two pairs of discrete plastics
LED:s.

45  43. A reading head according to claim 25, wherein the
linear sensov comprises a CCD sensor.

44. A veading head according to claim 25, wherein the
linear sensov comprises a CMOS sensor.

45. A rveading head according to claim 25, further com-

50 prising a means for confining within a predetermined read-
ing arvea the light emitted by said at least one first and sec-
ond light sources.

46. A veading head according to claim 45, wherein said at
least one first and second light sources are arranged in at

55 least one corresponding pairv of light sources, said at least
one pair of light sources including a pair of outward sources
disposed in an offset position from the optical axis Z of the
focusing optical apparatus by a prefixed angle o and a pair
of inward sources disposed in an offset position from the

60 optical axis Z of the focusing optical apparatus by a prefixed
angle 3 smaller than the angle o, wherein the seat element of
a respective light source comprises a seat portion oviented at
said prefixed angle, whevein the means for confining the
light beam comprises a ving-shaped masking element having

65 a substantially straight inward edge set at an angle substan-
tially equal to a. with respect to the optical axis Z of the
Jfocusing optical apparatus.

10
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47. A reading head according to claim 25, wherein each of
said seat elements have respective side walls shaped to con-

fine within a predetermined reading avea the light emitted
from the respective light source.

48. An apparatus for reading an optical code comprising
a reading head according to claim 25, further comprising a
means for decoding the optical code.

49. An apparatus for reading an optical code according to
claim 48, further comprising a casing with a reading win-
dow adapted to allow emission of the light generated by the
illuminating means and collection into the casing of the light
diffused from the illuminated optical code.

50. An apparatus for veading an optical code according to
claim 49, wherein said casing is portable.

51. An apparatus for reading an optical code according to
claim 49, wherein said casing is stationary.

52. A reading head for an apparatus for reading optical
codes at variable distances, comprising.

an illuminating means adapted to emit light toward an
optical code to be read,

a linear sensor responsive to the light diffused from the
illuminated optical code and having a sensitive line
extended along a first divection X;

an optical apparatus for focusing on the linear sensor the
light diffused by the illuminated optical code, said opti-
cal apparatus having an optical axis Z which is sub-
stantially perpendicular to said sensitive line and defin-
ing with said sensitive line a plane X-Z;

said illuminating means comprising at least one first light
source disposed on one side of the optical axis Z of the
optical apparatus and at least one second light source
disposed on the other side of the optical axis Z of the
optical apparatus, each of said at least one first and
second light sources having an axis corresponding sub-
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stantially to a maximum of the light intensity distribu-
tion of the respective light source, said at least one first
and second light sources emitting light while said opti-

cal code is being read, each of said light sources being
a light emitting diode comprising a body and connect-
ing leads;

said reading head further comprising a holder element for

housing said focusing optical apparatus and said at
least one first and second light sources, wherein said
holder element comprises vespective seat elements pro-
vided theveon for supporting said body of said light
sources such that the axes of said light sources substan-
tially lie on said plane X-Z, said seat elements being
distinct from said connecting leads.

53. A reading head according to claim 52, wherein said
seat elements contain at least in part said body of said light
sources.

54. A reading head according to claim 52, wherein said
seat elements ave suitably shaped to support said body of
said light sources.

55. A reading head according to claim 352, wherein said
seat elements comprises vespective portions for supporting
said bodies of said light sources in fixed positions in said

plane X-Z, said respective portions comprising lower seat

25 portions for supporting said bodies of said light sources in

30

corresponding fixed positions in said plane X-Z along a
dirvection Y perpendicular to the plane X-Z, and opposite
lateral seat portions for housing at least in part said bodies
of said light sources between them, said lower and lateral
seat portions being suitably shaped to support said bodies of
said light sources such that the axes of said light sources
substantially lie on said plane X-Z.
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