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100 / 

Edge Correction Algorithm for a Diaitizer with "Edae Strength" 

Variables 
T — array containing the DBP and polarity bits 
S — array containing edge strength 
No_of_edges — number of edges in T (and S) 
l — index to T (for input) 
Opt — index to T (for output) 

Input 
TI 
3, 
no_of_edges 

Output 
T — containing modified DBO 
new_no_of_edges — length of T 

Fig. 7A 
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100 / 
Function Edge_se|ection (T,S, no_od_edges) 

/ input index 
/output index 

if(diff_polority (e1,e2)) 
T[Out++]=e1; //odd current edge "e1" 
if (l>no_of_edges) //add last edge 

T[Out++)=e2; 
break; 

else 
e1=e2; 

end 
else //same polarity 

end 
end / while 

new__no_edges 
retu rn 

yget the sequence‘of edges of the sabe polarity, there might be more than two in 0 sequence 
/first is e1 ==t[i—2]; find the last 

hile (j<=no_of_edges 8c not diff_polarity (e1,T[j])) 
J'=J'+1; 

end 

bst = find index of the biggest edge (abs value) from set S[i—2] .. S[j-i] 
// This task can added to the while loop above, not done for clarity 

bgsD; 

1+1 ; 
1+2; 

else //end of load 
T[Out++]=s1; 
s2=sum (T [bgs+1 
if (s2>O) 

T[Out++]=s2; 

|= 

. no_of_edges]); 

end 
break; 

“if 
Fig. 7B 

Out-1 ; 
(T, new..no_edges) 
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LASER SCANNER HAVING ANALOG DIGITIZER 
WITH INCREASED NOISE IMMUNITY 

FIELD OF THE INVENTION 

[0001] The present invention relates to a laser scanner for 
reading bar codes and, more particularly, to a laser scanner 
having an analog digitizer With increased noise immunity. 

BACKGROUND OF THE INVENTION 

[0002] Laser scanners are Widely used for reading bar 
codes, including one dimensional and tWo dimensional bar 
codes. In a laser scanner, a laser generates a beam, the beam 
is scanned or rapidly moved across a bar code or a portion 
of a bar code. Typically, the laser beam is focused by a lens 
and repetitively scanned by means of an oscillating or 
rotating mirror. Essentially, the beam generates a beam spot 
that moves across a target bar code. 

[0003] The space elements of the bar code re?ect the laser 
beam illumination and the dark or black bar elements of the 
bar code absorb the laser beam. The re?ected light from the 
bar code is focused by scanner light-receiving optics through 
a bandpass ?lter and onto a photodetector circuitry, such as 
a photodiode. The pattern of re?ected light, as received by 
the photodiode of the laser scanner, is a representation of the 
pattern of the bar code. That is, a sequence of time When the 
photodiode is receiving re?ected light represents the laser 
beam spot moving across a space of the bar code, While a 
sequence of time When the photodiode is not receiving 
re?ected light represents the laser moving across a dark bar. 
Since the scanning speed or velocity of the laser is knoWn, 
the elapsed time of the photodiode receiving re?ected light 
can be converted into a Width of a bar code element 
corresponding to a space, While the elapsed time of the 
photodiode not receiving re?ected light can be converted 
into a Width of a bar code element corresponding to a bar. 

[0004] The photodiode is part of photodiode circuitry 
Which converts the re?ected light into an analog signal. The 
laser scanner includes a digitiZer to digitiZe the analog signal 
generated by the photodiode. The digitiZer outputs a digital 
bar code pattern (DPB) signal representative of the bar code 
pattern. A decoder of the laser scanner inputs the DPB signal 
and decodes the bar code. The decoded bar code typically 
includes payload information about the product that the bar 
code is a?ixed to. Upon successful decoding of the scanned 
bar code, the scanner may provide an audio and/or visual 
signal to an operator of the scanner to indicate a successful 
read and decode of the bar code. The scanner typically 
includes a display to display payload information to the 
operator and a memory to store information decoded from 
the bar code. 

[0005] To successfully read and decode a bar code, the 
digitiZer must accurately interpret the analog signal output 
by the photodiode circuitry and determine Where the edges, 
that is, the transition points of successive bar code elements 
are. Noise makes the digitiZation process problematic. Noise 
can include optical noise such as ambient light, paper grain 
or speckle noise, printing defects. Noise may also include 
electrical sources of noise such as radiated (EMI) or con 
ducted (scanner circuitry induced noise). A digitiZer must 
differentiate the signal representative of the bar code pattern 
from various sources of noise. Typically, digitiZers use an 
edge detection process Wherein an edge transition (black to 
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White (bar to space) or White to black (space to bar)) betWeen 
bar code elements is deemed to have been detected only if 
the level of the differentiated signal is above a speci?ed or 
predetermined threshold. Additional criteria that may be 
used include amount of signal drop from its pick value or 
changing of direction of the differentiated signal. Such 
features give the digitiZer a degree of noise immunity, that 
is, reducing the possibility that edge detection Was triggered 
by noise rather than the bar code element edge transition. 

[0006] The edge detection process of the digitiZer also 
requires that the edge polarities have to alternate. Edge 
polarity tells Whether the edge marks a transition from space 
to a bar (positive-going edge or positive edge) or a transition 
from bar to a space (negative-going edge or negative edge). 
By requiring alternating edges, the edge detection process 
ensures that the resulting DBP signal represent a sequence of 
bar code elements that are properly ordered as: bar-space 
bar-space-bar-space, etc. 

[0007] Alternating polarity edge detection is suitable 
When the analog bar code signal from the photodiode is not 
noisy. HoWever, noise and the convolution effect of the laser 
beam may cause a distortion of the photodiode analog signal 
such that tWo or more consecutive edges of the signal may 
have the same polarity. Empirical evidence suggests that 
When the signal-to-noise ratio (SNR) of the analog signal 
drops beloW a certain value, the probability of such a 
situation increases signi?cantly and at SNR <=8 dB con 
secutive edges having the same polarity becomes very likely. 

[0008] FIG. 1 illustrates the problem With alternating edge 
polarity edge detection. FIG. 1 is a plot of analog voltage 
output of photodiode circuitry (including voltage control 
circuitry and a di?‘erentiator) versus time. Typically, the 
analog voltage output 30 is the ?rst derivative of the 
photodiode current. A negative polarity edge labeled A is 
beloW a predetermined edge detection threshold —T. (The 
edge detection threshold —T may be a static value or a 
dynamic value Which changes based on various scanning 
parameters.) Thus, a digitiZer utiliZing alternating edge 
polarity Will toggle the DBP line loW at the location of point 
A, signaling the beginning of a space of the bar code pattern. 
The next edge B is above a positive edge threshold +T and 
Would cause the digitiZer to toggle the DBP line high. 
HoWever, edge B is caused by noise and, in fact, edge C 
should be the proper transition point betWeen bar code 
elements E1 and E2 rather than point B. HoWever, since the 
transition of the DBP signal has already occurred at edge B, 
it can not be reversed at edge C since edges B and C are of 
the same polarity. The digitiZer Will toggle the DBP line loW 
next at edge D, an edge With negative polarity marking the 
end of the bar representing element E2. 

[0009] What this means is that the decoder receiving the 
DBP signal as an input Will calculate a Width of both 
successive bar code elements E1, E2 improperly. The DBP 
signal output by the digitiZer Will result in the decoder 
calculating the Width of bar code element E1 as correspond 
ing to the elapsed time (Where elapsed time is the surrogate 
of distance or element Width) betWeen edges A and B, When 
element E1 should correctly have a Width corresponding to 
the elapsed time betWeen edges A and C. Thus, the calcu 
lated Width of element E1 Will be too short. Similarly, the 
DBP signal output by the digitiZer Will result in the decoder 
calculating the Width of bar code element E2 as correspond 
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ing to the elapsed time between edges B and D, When 
element E2 should correctly have a Width corresponding to 
the elapsed time betWeen edges C and D. Thus, the calcu 
lated Width of element E1 Will be too long. If the Width error 
of element E1 exceeds the narroWest element Width for the 
bar code, the decoder Will incorrectly read the bar Width of 
point B to point D as including one extra bar code element 
Width. Another similar case is marked as points X, Y, Z. In 
both situations, the digitiZer error leads to an error in bar 
code element Width. This has disastrous consequences for 
the scanner decoder. In case of symbologies, Which use all 
element combinations, like UPC such situation leads to 
character misclassi?cation. That results in a failure to 
decode, hoWever if more than one such error occurs for a 
single symbol, then that may result in symbol misdecode. 
The danger of misdecode is increased, if a symbol is 
decoded using fragments of a bar code coming from separate 
scans, like it is in case of block decoding or even more often 
in the case of half block stitching. 

[0010] What is needed is a digitiZer Which mitigates DBP 
distortion resulting from receiving an analog signal having 
tWo successive edges of the same polarity. 

SUMMARY OF THE INVENTION 

[0011] The present invention is directed to a laser scanner 
for reading a bar code having a plurality of bar code 
elements. The laser scanner includes a digitiZer Which 
receives as an input an analog signal from a photodetector 
circuitry and digitiZes the analog signal to produce a digital 
bar code pattern (DBP) signal representative of the bar code. 
The DBP signal is input to a decoder Which reads and 
decodes the DBP signal thereby decoding the bar code. The 
digitiZer imposes a short duration correction impulse on the 
DBP signal Whenever the digitiZer determines successive 
edges of the same polarity Wherein both of the edges are 
above a threshold level that Would cause the DBP signal 
output to sWitch and further Wherein the second edge is of 
greater magnitude than the ?rst edge. When a correction 
impulse is received by the decoder, the decoder appropri 
ately corrects to DBP to ignore the ?rst edge. This mitigates 
errors in decoding a bar code under high noise conditions. 

[0012] The laser scanner of the present invention includes: 

[0013] a) a laser generating a beam scanned over a target 
bar code; 

[0014] b) photodetector circuitry receiving light re?ected 
from the target bar code and generating a time-varying 
analog signal representative of the target bar code; 

[0015] c) a digitiZer coupled to the photodetector circuitry 
and receiving as an input the analog voltage signal of the 
photodetector circuitry and generating: 

[0016] l) a digital bar code pattern signal toggling 
betWeen a ?rst state and a second state, the digital bar code 
pattern signal being sWitched to the ?rst state When a 
positive polarity edge of the analog signal is sensed having 
a magnitude exceeding a predetermined threshold and 
sWitching to the second state When a negative polarity edge 
of the analog signal is sensed having a magnitude exceeding 
a predetermined threshold; and 

[0017] 2) a short duration correction impulse generated 
When a second edge is sensed Wherein the second edge has 
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the same polarity as an immediately preceding ?rst edge and 
further Wherein a magnitude of the second edge is greater 
than a magnitude of the ?rst edge, the impulse signal being 
imposed on the digital bar code pattern signal and having a 
state opposite of a present state of digital bar code pattern 
signal; and 

[0018] d) a decoder coupled to the digitiZer, receiving the 
digital bar code pattern signal, determining Widths of suc 
cessive bar code elements of the target bar code, and 
decoding the target bar code, a Width of a bar code element 
corresponding to a duration of an interval When the digital 
bar code pattern signal remains in a given one of the ?rst and 
second states, except that When a short duration impulse is 
sensed on the digital bar code pattern signal, a state of an 
interval immediately prior to the impulse is interpreted by 
the decoder to be an opposite state of the state of the interval 
and a duration of the interval is added to a duration of an 
interval immediately preceding the interval. 

[0019] The correction impulse has a duration shorter than 
a duration of a bar code element having narroWest Width of 
the plurality of bar code elements. The digitiZer of the 
present invention increases digitiZer immunity to high noise 
and improves decoding rates for noisy bar code signals and 
reduces misdecodes. 

[0020] These and other objects, advantages, and features 
of the exemplary embodiment of the invention are described 
in detail in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a graph of an analog voltage output signal 
input to a digitiZer of a laser scanner and a digital barcode 
pattern (DBP) signal output by the digitiZer; 

[0022] FIG. 2 is block diagram of a laser scanner of the 
present invention; 

[0023] FIG. 3 includes timing diagrams and graphs of 
photodetector circuitry and digitiZer of the laser scanner of 
FIG. 2 including an analog voltage output signal of the 
photodetector circuitry, a digital barcode pattern (DBP) 
signal output by a digitiZer having correction impulses and 
a corrected DBP, as Would be interpreted by a decoder of the 
laser scanner upon receiving the DBP signal from the 
digitiZer; 

[0024] FIG. 4 is an impulse generation circuit of the 
digitiZer of FIG. 2 for generating correction impulses When 
tWo successive edges of the same polarity are sensed, the 
edges having a magnitude greater than a predetermined 
threshold and the second edge having magnitude greater 
than the ?rst edge; 

[0025] FIG. 5 is a sample and hold circuit Which is a 
component of the impulse generation circuit of FIG. 4; 

[0026] FIG. 6 is a logic table for the impulse generation 
circuit of FIG. 4; 

[0027] FIG. 7A is ?rst portion of a How chart for an error 
correction algorithm that obviates the need for an impulse 
generation circuit; and 

[0028] FIG. 7B is second portion of the How chart for an 
error correction algorithm for a decoder Where the decoder 
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receives an enhanced DBP signal that includes edge strength 
values in addition to a timing pattern of bar code element 
transitions. 

DETAILED DESCRIPTION 

[0029] A laser scanner is shoWn schematically at 10 in 
FIG. 2. The bar code reader 10, in addition to reading (that 
is, scanning and decoding) both 1D and 2D bar codes and 
postal codes, is also capable of capturing images and sig 
natures. In one preferred embodiment of the present inven 
tion, the laser scanner 10 is a hand held portable reader 
supported in a housing 11 that can be carried and used by a 
user Walking or riding through a store, Warehouse or plant 
for reading bar codes for stocking and inventory control 
purposes. 

[0030] However, it should be recogniZed that digitiZing 
and decoding system of the present invention, to be 
explained beloW, may be advantageously used in connection 
With any type of laser scanner, be it portable or stationary. It 
is the intent of the present invention to encompass all such 
laser scanners. 

[0031] The bar code reader 10 includes a trigger 12 
coupled to the bar code reader circuitry 13 operating under 
the control of a microprocessor 14 for reading of a target bar 
code 15 a?ixed to a product 16 When the trigger 12 is pulled 
or pressed. The bar code reader 10 includes a laser 20 Which 
generates a laser beam Which is focused by a focusing lens 
22. The beam is caused to move in an oscillatory pattern 
across the bar code 15 by a scan element and mirror 
assembly 24. Focusing optics 26 focus re?ected light from 
the target bar code 15 onto a photodetector circuitry 28. 

[0032] The photodetector circuitry 28 includes a photode 
tector, such as a photodiode, voltage control circuitry such 
as an automatic gain control (AGC) circuit, and a differen 
tiator Which functions to differentiate a current output signal 
of the photodiode and generates an analog voltage output 30. 
The voltage output 30 of the photodiode 28 represents the 
pattern of the target bar code 15 as dark bars of the bar code 
have minimal re?ectance of the scanned laser beam light 
While the spaces of the bar code 15 have high re?ectance of 
the scanned laser beam light. The magnitude of the analog 
voltage output 30 thus represents the pattern of the bar code 
15. 

[0033] The analog voltage signal 30 output by the photo 
detector circuitry 28 is coupled to a digitiZer 32. The 
digitiZer 32 converts the analog voltage output 30 into a 
digital signal 34 representative of the bar code pattern. The 
digital output 34 is typically referred to as a binary bar code 
pattern (DBP) signal 34. Essentially it is a tWo state binary 
output (high and loW states) Where a transition from loW to 
high is indicative of a transition from a space to a bar in the 
bar code pattern and a transition from high to loW is 
indicative of a transition from a bar to a space in the bar code 
pattern. The time or duration of a high or loW output of the 
DBP signal 34 corresponds to a Width of a bar code element 
(space or bar) in the bar code pattern. Since the velocity of 
the scan across the target bar code 15 is knoWn, the duration 
of a high or loW state may be directly converted into a Width 
of each bar code element of the bar code 15. 

[0034] The DBP signal 34 is coupled to a decoder 36 
Which receives the DBP signal 34 and decodes the bar code 
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pattern represented by the signal. The bar code 15 includes 
payload information regarding the associated product 16 as 
Well as authentication information (e.g., digital signature) 
for authenticating the bar code 15 and/or the product 16. 

[0035] The decoded information from the bar code 15 may 
be stored in memory 38 and/or output to a remote computer 
via I/O circuitry 40 (e.g., serial/parallel ports, rf circuitry, 
etc.). Successful decoding of the target bar code 15 may be 
indicated to an operator of the scanner 10 by a visual display 
42 and/or an audio tone emitted by a speaker 44. 

DigitiZing the Analog Voltage Signal 30 
[0036] The output of the photodiode 28 is the analog 
voltage signal 30. The analog signal 30 is a time-varying 
signal Whose magnitude is representative of the intensity of 
the light re?ected oif successive portions of the bar code 15. 
Thus, the signal 30 is representative of the pattern of White 
spaces and black bars of the bar code. Since the scanning 
velocity is knoWn, the durations of portions of the signal 30 
can directly be converted into Widths of bar code elements 
of the bar code 15. Thus, While the folloWing discussion Will 
refer to durations of signal, it should be understood that 
signal duration is directly converted into distances regarding 
the Width of bar code elements to be scanned and decoded. 
An exemplary analog voltage signal 30 is shoWn in FIGS. 
1 and 3. The analog voltage signal 30 is converted by the 
digitiZer 32 into the DBP signal 34, Which is also represen 
tative of the pattern of White spaces and black bars of the bar 
code 15. 

[0037] As explained above, to generate a digital output, 
that is, toggling the DBP signal high or loW, the digitiZer 32 
must determine When edges in the analog signal 30 occur 
that represent transition points betWeen bar code elements, 
i.e., the end of a bar element and the beginning of a space 
element or the end of a space element and the beginning of 
a bar element. A transition point or edge is identi?able as a 
peak or local maximum in the analog signal 30. The digitiZer 
32 utiliZes an edge detection process to determine When an 
edge is encountered in the analog signal 30. The process 
includes the use of edge threshold voltage values (labeled 
+T, —T in FIGS. 1 and 3). The edge threshold voltage values 
may be ?xed or may change dynamically based on charac 
teristics of the bar code being scanning, lighting conditions, 
etc. A transition point in the analog signal 30 Will not be 
deemed as an edge that results in toggling the DBP signal 34 
by the digitiZer unless the magnitude of the edge exceeds the 
appropriate threshold voltage value. That is, the DBP signal 
34 Will toggle if a positive-going edge exceeds the +T 
threshold or if a negative-going edge exceeds the —T thresh 
old. As can be seen in FIGS. 1 and 3, the edges that exceed 
the respective positive and negative threshold voltage values 
are marked With vertical lines, for example, edges labeled A, 
B, C, D, X, Y, Z in FIG. 1. 
[0038] The edge detection process of the digitiZer 32 also 
requires that the edge polarities have to alternate. Edge 
polarity indicates Whether the edge marks a transition from 
bar to space (negative-going edge or negative edge) or a 
transition from space to bar (positive-going edge or positive 
edge). By requiring alternating edges, the edge detection 
process ensures that the resulting DBP signal 34 represent a 
sequence of bar code elements that are properly ordered as: 
bar-space-bar-space-bar-space, etc. 

[0039] As explained above, alternating polarity edge 
detection is suitable When the analog bar code signal from 
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the photodetector is not noisy. However, noise and the 
convolution e?cect of the laser beam may cause a distortion 
of the photodetector circuitry analog signal 30 such that tWo 
or more consecutive edges of the analog signal may have the 
same polarity. The edge detection process of the digitiZer 32 
of the present invention advantageously Will: 

[0040] l) Detect tWo consecutive edges having the same 
polarity; 2) Determine Which edge of the sequences of edges 
of the same polarity is the proper one; 

[0041] 3) Remove the Wrong edge and leave the proper 
edge; and 4) Generate an appropriate DBP signal. 

[0042] In order to detect tWo edges of the same polarity, 
the digitiZer generates the folloWing signals: 

[0043] 1) Positive polarity signalishoWn at 50 in FIG. 3. 
A spike or impulse is generated When the digitiZer 32 senses 
a positive polarity edge or transition on the photodetector 
circuitry analog signal 30 having a positive voltage magni 
tude greater than +T. 

[0044] 2) Negative polarity signalishoWn at 52 in FIG. 
3. A spike or impulse is generated When the digitiZer 32 
senses a negative polarity edge or transition on the photo 
diode analog signal 30 having a negative voltage magnitude 
less than —T. 

[0045] 3) Edge position signalishoWn at 54 in FIG. 3. A 
spike or impulse is generated When the digitiZer 32 senses 
either a positive or negative polarity edge having a magni 
tude greater than +T or less than —T. 

[0046] The DBP signal 34 is toggled on (logic high state) 
by the positive polarity signal 50 (edges of a positive 
polarity) and olT (logic loW state) by the negative polarity 
signal 52 (edges of a negative polarity). If tWo consecutive 
edges of the same polarity are encountered, for example, the 
spikes or impulses labeled PE1, PE2 in the positive polarity 
signal 50, the folloWing decision rule is applied by the edge 
detection processing logic of the digitiZer 32: 

[0047] 1) If an absolute magnitude of the ?rst edge is 
greater than or equal to an absolute magnitude of the second 
edge, that is, an edge strength of the ?rst edge is greater than 
or equal to an edge strength of the second edge, the second 
edge is ignored. That is, the DBP signal 34 Will toggle on the 
?rst edge and the second edge Will be ignored. 

[0048] 2) If an absolute magnitude of the second edge is 
greater than an absolute magnitude of the ?rst edge, that is, 
an edge strength of the second edge exceeds the edge 
strength of the ?rst edge, the ?rst edge is ignored and the 
second edge Will be considered the transition to a neW bar 
code element. 

[0049] This is the case With positive edges or impulses 
PE1 and PE2, Where the edge strength of PE2 exceeds the 
edge strength of PE1. The rule is to ignore PE1 and consider 
PE2 as initiating a neW bar code element (space element). 
Thus, the duration of the time labeled d in the positive 
polarity signal 50 is considered as being part of the previous 
bar code element, that is, the bar code element that com 
menced at the negative edge or impulse labeled NE1 in the 
negative polarity signal 52. 

[0050] In the situation Where the edge strength of PE2 
exceeds PE1 and, accordingly, the ?rst edge is to be ignored, 
ideally, the DBP line 34 Would toggle on the second edge 
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PE2 and ignore the ?rst edge PE1. HoWever, this is di?icult 
to implement in an analog system since large amounts of 
memory Would be required so the DBP signal 34 could be 
stored and delayed until it is clear from an analysis of tWo 
consecutive same polarity edges Which edge is the proper 
one to toggle the DBP signal on. 

[0051] It turns out to be easier to implement the decision 
logic using both the digitiZer 32 and the decoder 36 and a 
short duration correction impulse imposed on the DBP line 
34 When tWo consecutive same polarity impulses are 
detected by the digitiZer. A correction impulse is generated 
and imposed on the DBP signal 34 When a second edge 
exceeding the threshold (+/—T) is sensed and the second 
edge is of the same polarity as the ?rst edge exceeding the 
threshold and the second edge is of greater edge strength 
(greater in absolute magnitude) than the ?rst edge. TWo 
correction impulses labeled I1 and I2 are shoWn in the DBP 
signal 34 of FIG. 3. As can be seen, the correction impulses 
I1, I2 are in opposite logic state to the current state of the 
DBP line 34, that is, if the DBP line Was in a loW state, a 
positive correction impulse Would be generated and if the 
DBP line Was in a high state, a negative correction impulse 
Would be generated (like I1 and I2). 

[0052] The correction impulses I1, I2, When received by 
the decoder 36 are interpreted as indicated that the previous 
DBP change of state or transition is invalid and should be 
reversed. This reversal is shoWn in the “corrected” DBP 
signal 60 in FIG. 3. The impulse I1 tells that decoder 36 that 
the change of state in the DBP signal 34 from loW to high 
at PE1 should be reversed. Stated another Way, the impulse 
I1 tells the decoder 36 that the positive edge PE1 should be 
ignored and the DBP signal 34 should be considered as 
remaining in a loW state until PE2 is received. This correc 
tion can be seen in the “corrected DBP signal 60. Essentially, 
the decoder 36 internally and retroactively corrects the DBP 
signal 34 upon receiving the correction impulses I1, I2. 

[0053] The correction impulse I2 causes the decoder 36 to 
increase the duration of bar code element B1 from T2 to 
T2+T3 (as can be seen in the corrected DBP signal 60) and 
causes the decoder 36 to reduce the duration of the bar code 
element S1 from T3+T4+T5 to T4+T5 (also as can be seen 
in the corrected DBP signal 60). Since bar code element 
Width is directly proportional to signal duration, the Width of 
bar code element B1 is increased and the Width of bar code 
element S1 is decreased. 

[0054] The correction impulses I1, I2 should have a dura 
tion much shorter than a duration of the shortest duration bar 
code element so that the decoder 36 properly identi?es the 
correction impulse as a marker and not as a short duration 

(narroW Width) bar code element. 
Implementation of DBP Correction Logic 

[0055] One of skill in the art Will recogniZe that there are 
many Ways to implement the DBP same polarity correction 
logic outlined above in both circuitry, hardWare and/or 
softWare and it is the intent of the present invention to cover 
all such implementations. One straightforward implementa 
tion to generate the correction impulses (such as I1, I2 
shoWn in the DBP 34 in FIG. 3 and explained above) is the 
impulse generation circuit shoWn generally at 70 in FIG. 4. 
The impulse generation circuit 70 is part of the digitiZer 32, 
but may be embodied as a separate circuit or integrated into 
the digitiZer electronics and/or programming. 
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[0056] As can be seen in FIG. 4, the impulse generation 
circuit 70 includes a sample and hold circuit 72 Which 
receives as an input the analog voltage signal 30. The sample 
and hold circuit 72 is shoWn in more detail in FIG. 5. The 
sample and hold circuit 72 remembers the voltage of the last 
detected edge. A comparator 74 compares the voltage of the 
last detected edge With the voltage of the present edge. If the 
previous edge voltage (input 2) of the comparator 74 is 
loWer in magnitude that the current edge voltage (input 1) of 
the comparator, then an output 76 of the comparator 74 is 
logic 1, otherWise the output of the comparator is logic 0. 
The binary output 76 of the comparator 74 is fed into a logic 
circuit 78 along With the positive polarity signal 50 and the 
negative polarity signal 52. 

[0057] The logic circuit 78 generates a binary output 80 
pursuant to the logic table 82 shoWn in FIG. 6 Which is 
implemented in the logic circuit 78. Again, as can be seen in 
FIG. 4, the output 80 of the logic circuit 78 and the positive 
polarity signal 50 are input to a logic AND gate 84. When 
both inputs 80 and 50 are logic high, a positive impulse 
output 86 (Pl in FIG. 4) is generated by the AND gate 84 
Which toggles the DBP signal high. Similarly, the output 80 
of the logic circuit 78 and the negative polarity signal 52 are 
input to a second logic AND gate 88. When both inputs 80 
and 52 are logic high, a negative impulse output 90 (N1 in 
FIG. 4) is generated by the AND gate 88 Which toggles the 
DBP signal loW (like the correction impulses l1 and 12 in the 
DBP signal 43 in FIG. 3). 

[0058] The positive impulse output PI 86 and the negative 
impulse output Ni 90 are momentary outputs because the 
positive polarity signal 50 and the negative polarity signal 
52 generated by the digitiZer 32 are both very short duration 
impulses (as can be seen in FIG. 3), thus, the outputs from 
the AND gates 84, 88 are similarly short duration pulses. 
The PI and NI impulse outputs of the impulse generation 
circuit 70 are coupled to the DBP line 34 so that correction 
impulses are imposed on the DBP signal. 

Alternate Embodiment of DigitiZer 

[0059] If the digitiZer 32 is a mixed analog-digital design, 
Which contains an A/D converter and also provides digital 
values for edge strength (voltage magnitudes) transitions, 
then the impulse generation circuit 70 shoWn in FIGS. 4-6 
and explained above is not needed. In this embodiment, the 
output from the digitiZer 32 includes the DBP signal 34 
(Without correction impulses inserted), the positive polarity 
signal 50, the negative polarity signal 52, the edge position 
signal 54, and additionally includes edge strength data for 
each edge or transition. With the addition of an algorithm 
embodied in the C program set forth at 100 in FIGS. 7A and 
7B, the data from the digitiZer 32 may be directly utiliZed by 
the decoder 36 to correct the DBP signal (like the corrected 
DBP signal 60) and decode the bar code pattern. 

[0060] Essentially, the algorithm 100 provides the deci 
sion logic discussed above With regard to the situation Where 
tWo consecutive same polarity, above the threshold edges are 
detected on either the positive polarity line 50 or the 
negative polarity line 52. The algorithm 100 incorporates the 
folloWing logic: 

[0061] 1) If an absolute magnitude of the ?rst edge is 
greater than or equal to an absolute magnitude of the second 
edge, that is, an edge strength of the ?rst edge is greater than 
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or equal to an edge strength of the second edge, the second 
edge is ignored. That is, the DBP signal 34 Will toggle on the 
?rst edge and the second edge Will be ignored. 

[0062] 2) If an absolute magnitude of the second edge is 
greater than an absolute magnitude of the ?rst edge, that is, 
an edge strength of the second edge exceeds the edge 
strength of the ?rst edge, the ?rst edge is ignored and the 
second edge Will be considered the transition to a neW bar 
code element. 

[0063] Such an algorithm may also be implemented in 
hardWare, for example, in a ?eld programmable gate array 
(FPGA) device. 

[0064] While the present invention has been described 
With a degree of particularity, it is the intent that the 
invention includes all modi?cations and alterations from the 
disclosed design falling With the spirit or scope of the 
appended claims. 

I claim: 
1. A laser scanner for reading a bar code having a plurality 

of bar code elements, the laser scanner comprising: 

a) a laser generating a beam scanned over a target bar 
code; 

b) photodetector circuitry receiving light re?ected from 
the target bar code and generating a time-varying 
analog signal representative of the target bar code; 

c) a digitiZer coupled to the photodetector circuitry and 
receiving as an input the analog signal of the photode 
tector circuitry and generating: 

l) a digital bar code pattern signal toggling betWeen a 
?rst state and a second state, the digital bar code 
pattern signal being sWitched to the ?rst state When 
a positive polarity edge of the analog signal is sensed 
having a magnitude exceeding a ?rst threshold and 
sWitching to the second state When a negative polar 
ity edge of the analog signal is sensed having a 
magnitude exceeding a second threshold; and 

2) a short duration correction impulse generated When 
a second edge is sensed Wherein the second edge has 
the same polarity as an immediately preceding ?rst 
edge and further Wherein a magnitude of the second 
edge is greater than a magnitude of the ?rst edge, the 
impulse signal being imposed on the digital bar code 
pattern signal and having a state opposite of a present 
state of digital bar code pattern signal; and 

d) a decoder coupled to the digitiZer, receiving the digital 
bar code pattern signal, determining Widths of succes 
sive bar code elements of the target bar code, and 
decoding the target bar code, a Width of a bar code 
element corresponding to a duration of an interval 
When the digital bar code pattern signal remains in a 
given one of the ?rst and second states, except that 
When a short duration correction impulse is sensed on 
the digital bar code pattern signal, a state of an interval 
immediately prior to the impulse is interpreted by the 
decoder to be an opposite state of the state of the 
interval and a duration of the interval is added to a 
duration of an interval immediately preceding the inter 
val. 
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2. The laser scanner of claim 1 wherein the correction 
impulse has a duration shorter than a duration of a portion 
of the digital bar code pattern signal corresponding to a bar 
code element having narroWest Width of the plurality of bar 
code elements. 

3. The laser scanner of claim 1 Wherein the correction 
impulse is generated by a correction impulse generation 
circuit that includes a sample and hold circuit and a com 
parator for comparing magnitudes of successive edges. 

4. The laser scanner of claim 3 Wherein the correction 
impulse generation circuit further includes a ?rst AND gate 
generating a positive-going correction impulse When tWo 
successive negative polarity edges are sensed and a magni 
tude of the second edge is greater than a magnitude of the 
?rst edge and a second AND gate generating a negative 
going correction impulse When tWo successive positive 
polarity edges are sensed and a magnitude of the second 
edge is greater than a magnitude of the ?rst edge. 

5. The laser scanner of claim 1 Wherein the digitiZer 
generates a positive polarity signal Wherein an impulse 
generated When a positive polarity edge having a magnitude 
above the ?rst threshold is sensed. 

6. The laser scanner of claim 5 Wherein the digitiZer 
generates a positive polarity signal Wherein an impulse 
generated When a negative polarity edge having a magnitude 
above the second threshold is sensed. 

7. The laser scanner of claim 6 Wherein the digitiZer 
generates an edge position signal Wherein an impulse gen 
erated When a positive polarity edge having a magnitude 
above the ?rst threshold is sense or When a negative polarity 
edge having a magnitude above the second threshold is 
sensed. 

8. A digitiZer for a laser scanner utiliZed for reading a bar 
code having a plurality of bar code elements, the digitiZer 
comprising: 

a) circuitry for receiving an analog signal representative 
of the pattern of a target bar code; 

b) circuitry for analyZing the analog signal and generating 
a digital bar code pattern signal toggling betWeen a ?rst 
state and a second state, the digital bar code pattern 
signal being sWitched to the ?rst state When a positive 
polarity edge of the analog signal is sensed having a 
magnitude exceeding a ?rst threshold and sWitching to 
the second state When a negative polarity edge of the 
analog signal is sensed having a magnitude exceeding 
a second threshold; and 

c) impulse generation circuitry for generating a short 
duration correction impulse When a second edge is 
sensed Wherein the second edge has the same polarity 
as an immediately preceding ?rst edge and further 
Wherein a magnitude of the second edge is greater than 
a magnitude of the ?rst edge, the impulse signal being 
imposed on the digital bar code pattern signal and 
having a state opposite of a present state of digital bar 
code pattern signal. 

9. The digitiZer of claim 8 Wherein the correction impulse 
has a duration shorter than a duration of a portion of the 
digital bar code pattern signal corresponding to a bar code 
element having narroWest Width of the plurality of bar code 
elements. 

10. The digitiZer of claim 9 Wherein the impulse genera 
tion circuitry includes a sample and hold circuit and a 
comparator for comparing magnitudes of successive edges. 
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11. The digitiZer of claim 10 Wherein the impulse gen 
eration circuitry further includes a ?rst AND gate generating 
a positive-going correction impulse When tWo successive 
negative polarity edges are sensed and a magnitude of the 
second edge is greater than a magnitude of the ?rst edge and 
a second AND gate generating a negative-going correction 
impulse When tWo successive positive polarity edges are 
sensed and a magnitude of the second edge is greater than a 
magnitude of the ?rst edge. 

12. The digitiZer of claim 9 Wherein the digitiZer gener 
ates a positive polarity signal Wherein an impulse generated 
When a positive polarity edge having a magnitude above the 
?rst threshold is sensed. 

13. The digitiZer of claim 12 Wherein the digitiZer gen 
erates a positive polarity signal Wherein an impulse gener 
ated When a negative polarity edge having a magnitude 
above the second threshold is sensed. 

14. The digitiZer of claim 13 Wherein the digitiZer gen 
erates an edge position signal Wherein an impulse generated 
When a positive polarity edge having a magnitude above the 
?rst threshold is sense or When a negative polarity edge 
having a magnitude above the second threshold is sensed. 

15. A method of reading a bar code having a plurality of 
bar code elements utiliZing a laser scanner having a laser, 
photodetector circuitry, a digitiZer and a decoder, the steps of 
the method comprising: 

a) generating a laser beam by energiZing the laser and 
scanning the beam over a target bar code; 

b) directing light re?ected from the target bar onto the 
photodetector circuitry, the photodetector circuitry gen 
erating time-varying analog signal representative of the 
target bar code; 

c) inputting the time-varying analog signal of the photo 
detector circuitry to the digitiZer, the digitiZer generat 
ing: 
1) a digital bar code pattern signal toggling betWeen a 

?rst state and a second state, the digital bar code 
pattern signal being sWitched to the ?rst state When 
a positive polarity edge of the analog signal is sensed 
having a magnitude exceeding a ?rst threshold and 
sWitching to the second state When a negative polar 
ity edge of the analog signal is sensed having a 
magnitude exceeding a second threshold; and 

2) a short duration correction impulse generated When 
a second edge is sensed Wherein the second edge has 
the same polarity as an immediately preceding ?rst 
edge and further Wherein a magnitude of the second 
edge is greater than a magnitude of the ?rst edge, the 
impulse signal being imposed on the digital bar code 
pattern signal and having a state opposite of a present 
state of digital bar code pattern signal; and 

d) inputting the digital bar code pattern signal With 
imposed correction impulses to the digitiZer, the digi 
tiZer determining Widths of successive bar code ele 
ments of the target bar code and decoding the target bar 
code Wherein a Width of a bar code element corre 
sponding to a duration of an interval When the digital 
bar code pattern signal remains in a given one of the 
?rst and second states, except that When a short dura 
tion impulse is sensed on the digital bar code pattern 
signal, a state of an interval immediately prior to the 
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impulse is interpreted by the decoder to be an opposite 
state of the state of the interval and a duration of the 
interval is added to a duration of an interval immedi 
ately preceding the interval. 

16. The method of reading a bar code of claim 15 Wherein 
the correction impulse has a duration shorter than a duration 
of a portion of the digital bar code pattern signal corre 
sponding to a bar code element having narroWest Width of 
the plurality of bar code elements. 

17. The method of reading a bar code of claim 15 Wherein 
the correction impulse is generated by a correction impulse 
generation circuit that includes a sample and hold circuit and 
a comparator for comparing magnitudes of successive 
edges. 

18. The method of reading a bar code of claim 17 Wherein 
the correction impulse generation circuit further includes a 
?rst AND gate generating a positive-going correction 
impulse When tWo successive negative polarity edges are 
sensed and a magnitude of the second edge is greater than a 
magnitude of the ?rst edge and a second AND gate gener 

Aug. 31, 2006 

ating a negative-going correction impulse When tWo succes 
sive positive polarity edges are sensed and a magnitude of 
the second edge is greater than a magnitude of the ?rst edge. 

19. The method of reading a bar code of claim 15 Wherein 
the digitiZer generates a positive polarity signal Wherein an 
impulse generated When a positive polarity edge having a 
magnitude above the ?rst threshold is sensed. 

20. The method of reading a bar code of claim 19 Wherein 
the digitiZer generates a positive polarity signal Wherein an 
impulse generated When a negative polarity edge having a 
magnitude above the second threshold is sensed. 

21. The method of reading a bar code of claim 20 Wherein 
the digitiZer generates an edge position signal Wherein an 
impulse generated When a positive polarity edge having a 
magnitude above the ?rst threshold is sense or When a 
negative polarity edge having a magnitude above the second 
threshold is sensed. 


