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57 ABSTRACT 
The depth of modulation of an analog electrical signal 
generated by a photodetector during scanning of a bar 
code symbol in the field of bar code scanning is en 
hanced under circumstances where the modulation of 
the analog signal has been degraded, for example, by an 
oversized sampling aperture in relation to the widths of 
the symbol elements. The analog signal has high fre 
quency components whose low amplitudes are in 
creased in magnitude prior to being conducted to a 
digitizer. The effect of noise introduced during reading 
of the bar code is cancelled by comparing in the com 
parator, the modulation-enhanced analog signal with 
the second derivative signal derived from the modula 
tion-degraded unenhanced analog signal. The output of 
the comparator is a digital output signal having a logical 
level dependent on the amplitude of the enhanced ana 
log signal at each zero crossing of the second derivative 
signal. The digital output signal is a closer representa 
tion of the code read by the scanner. 

15 Claims, 5 Drawing Sheets 
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1. 

BAR CODE SYMBOL READER WITH 
MODULATON ENHANCEMENT 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention generally relates to the field of electro 

optic readers such as laser scanners for reading bar code 
symbols and, more particularly, to an arrangement for, 
and a method of, enhancing the depth of modulation of 
an analog electrical signal indicative of each symbol 
being read under circumstances where the modulation 
has been degraded. 

2. Description of Related Art 
Various optical readers and optical scanning systems 

have been developed heretofore to optically read bar 
code symbols printed on labels affixed to objects in 
order to identify the object by optically reading the 
symbol thereon. The bar code symbol itself is a coded 
pattern of spatially adjacent elements comprised of a 
series of bars (dark elements) of various widths, and 
spaced apart from one another to bound spaces (light 
elements) of various widths, the bar and space elements 
having different light-reflecting characteristics. The 
various element widths were first converted to an elec 
trical analog signal. The analog signal was then digi 
tized to an electrical digital signal. The digital signal 
was then electronically decoded to a multiple alpha 
numerical digit representation descriptive of the symbol 
and, hence, of the object. Scanning systems of this gen 
eral type, and components for use in such systems, have 
been disclosed, for example, in U.S. Pat. Nos. 4,251,798; 
4,360,798; 4,369,361; 4,387,297; 4,593, 186; 4,496,831; 
4,409,470; 4,460,120; 4,607,156; 4,673,805; 4,736,095; 
4,758,717; 4,760,248; 4,806,742 and 4,808,804; as well as 
in U.S. patent application Ser. Nos. 196,021; 944,848; 
138,563; 148,669; 148,555; 147,708; 193,265; 265,143; 
265,548; 265,149 and 264,693; all of which have been 
assigned to the same assignee as the instant application 
and are incorporated herein to show the state of the art. 
As disclosed in some of the above patents and ap 

plications, a particularly advantageous embodiment of 
such a scanning system resided, inter alia, in optically 
modifying and directing a laser light beam from a hand 
held head which was supported by a user; aiming the 
head and, in some cases, the laser beam itself at a symbol 
to be read; repetitively scanning the laser beam and/or 
the field of view of a detector supported on the head in 
a scan direction across the symbol; detecting the laser 
light reflected off the symbol during scanning, the re 
flected light having a variable intensity over the scan 
since the bar elements reflect less light than the space 
elements; converting the reflected laser light of variable 
intensity into an electrical analog signal; digitizing the 
analog signal into an electrical digital signal; and decod 
ing the digital signal. 
The laser beam is optically modified and focused by 

an optical train, which typically includes a focusing 
lens, to form a beam spot having a minimum beam 
cross-section or waist at a reference plane. The size of 
the beam spot increases on either side of the reference 
plane, the range of distance wherein the symbol can still 
be read by the beam spot being known as the "depth of 
focus'. The dimension of the beam spot along the scan 
direction may or may not be equal to the dimension of 
the beam spot along a direction perpendicular to the 
scan direction. A symbol can be read at either side of 
the reference plane. For ease of description, a symbol 
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2 
located between the reference plane and the head is 
defined as a "close-in' symbol, whereas a symbol that is 
located on the other side of the reference plane away 
from the head is defined as a "far-out' symbol. The 
term "close-in' symbol is also intended to cover the 
situation where the symbol actually is contacted by the 
head, or where the reference plane is located immedi 
ately outside the head. The range between minimum 
and maximum distances at which the system can read a 
symbol is often defined as the "depth of field'. The 
depth of field is, of course, different for symbols of 
different densities. A high density symbol is character 
ized by very thin bar elements spaced very closely to 
gether so that the symbol occupies very little physical 
space, whereas a low density symbol is characterized by 
very wide bar elements spaced very far apart so that the 
symbol occupies a much greater physical space. 
A problem associated with known laser-based and 

non-laser-based scanning systems, as well as wands that 
are manually swept across each symbol, and charge 
coupled device (CCD) scanners relates to the loss of 
information about the symbol being scanned. Under 
certain circumstances, the loss of information is so great 
that the symbol cannot be successfully decoded and 
read. 
The capability of the system to read symbols is deter 

mined at least in part by the size of the sampling aper 
ture in relation to the sizes of the elements of the sym 
bol. In a moving laser beam scanner where the outgoing 
laser beam itself is directed to, and swept across, the 
symbol, the sampling aperture is the diameter of the 
laser beam at the symbol, or, more particularly, the 
sampling aperture is the dimension of the laser beam in 
cross-section at the symbol as considered along the scan 
direction. In scanned aperture readers, the sampling 
aperture is the field of view of a photodetector that is 
scanned across the symbol. In retro-reflective readers 
where both the outgoing laser beam and the field of 
view of the photodetector are simultaneously scanned 
across the symbol, the sampling aperture is, once again, 
the beam diameter. 

Traditionally, scanners have been designed with a 
sampling aperture of about the same size or width as the 
width of the narrowest bar or space element in the 
symbol to be scanned as considered along the scan di 
rection. The photodetector that "watches' the sam 
pling aperture during scanning collects light reflected 
off the symbol and generates an electrical analog signal 
indicative of the detected reflected light. The reflected 
light has a variable intensity across the scan, thereby 
causing the analog signal to constitute a succession of 
analog pulses whose amplitudes correspond to the 
amount of reflected light collected by the photodetec 
tor. Each analog pulse has a width proportional and 
ideally equal to the width of each bar element, and an 
amplitude which depends on the size of the sampling 
aperture relative to each bar element. By designing the 
sampling aperture to be about equal to the narrowest 
bar element, the amplitudes for both narrow and wider 
bar elements are approximately the same in the analog 
signal. Put another way, the analog signal has a nearly 
equal modulation amplitude for both narrow and wider 
bar elements. 
The nearly equal modulation amplitude is very desir 

able to facilitate the functioning of the analog-to-digital 
digitizer circuit that is used to convert the analog signal 
to a digital signal composed of a succession of digital 
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pulses, each having widths proportional to the widths of 
the corresponding analog pulses and, in turn, to the 
widths of the bar and space elements in the symbol 
being scanned. 
However, a nearly equal modulation amplitude for 

the analog signal is not often available in practice. The 
aforementioned depth of focus is directly proportional 
to the size of the sampling aperture. It is often desirable 
to have scanners with a very long depth of focus so that 
each symbol can be read when positioned anywhere 
within an extended range of distances relative to the 
scanner. However, a long depth of focus dictates a 
correspondingly large size for the sampling aperture 
which, in turn, causes the modulation amplitude to 
degrade because the large sampling aperture will over 
lap the narrowest bar element or space element. 
A larger sampling aperture is also desirable in prac 

tice in order to provide a better signal-to-noise ratio for 
the analog signal because more light reflected from the 
symbol can be collected through a larger sampling aper 
te. 
Modulation can also be degraded by electrical low 

pass filtering typically employed to reduce the level of 
electrical noise in the system. 

Analog-to-digital digitizer circuits can "square up' a 
modulation-degraded analog signal to some extent so 
that the symbol can be successfully read. All digitizer 
circuits, however, will eventually fail when the modula 
tion becomes too poor. 

SUMMARY OF THE INVENTION 

1. Objects of the Invention 
It is a general object of this invention to overcome the 

aforementioned drawbacks in the field of electro-optic 
readers, particularly laser scanners for reading bar code 
symbols. 

It is another object of this invention to enhance the 
modulation of an analog electrical signal generated by a 
photodetector during optical reading. 
A further object of this invention is to restore the 

modulatio of such an analog signal to the point where 
analog-to-digital digitizer circuits can function to read a 
symbol. 

Still another object of this invention is to improve 
scanner reliability, particularly under circumstances 
where the modulation of the analog signal has been 
degraded. 
Yet another object of this invention is to increase the 

size of a sampling aperture in relation to the size of the 
narrowest bar or space element in a symbol being 
scanned without compromising the ability of the digi 
tizer circuit to function properly. 
Another object of this invention is to provide an 

inexpensive optical system whose temperature charac 
teristics are compensatable by enhancement circuitry. 
A still further object of this invention is to provide a 

scanner with a relatively long depth of focus and a 
relatively high signal-to-noise ratio without sacrificing 
the capability of the scanner to read symbols, particu 
larly of the high density type. 

2. Features of the Invention 
In keeping with these objects, and others which will 

become apparent hereinafter, one feature of this inven 
tion resides, briefly stated, in a system for, and a method 
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narrow and wider widths and of different light reflec 
tivity, such as bar code symbols. This invention includes 
means for directing light to the indicia for reflection 

4. 
therefrom. In a preferred embodiment, the light direct 
ing means includes a laser light source, such as a gas 
laser or a laser diode, and an optical train which in 
cludes at least one focusing lens for focusing the light to 
form a beam spot on the indicia. 
Means are also provided for scanning the indicia 

along a scan direction with a sampling aperture whose 
dimension along the scan direction is larger than the 
width of at least one of the narrow elements. The scan 
ning means may include, in a preferred embodiment, a 
reciprocally oscillating motor on which a reflecting 
element is mounted for joint oscillating movement, or a 
rotating mirrored polygon. Detector means such as a 
photodetector is also provided for detecting light of 
variable intensity reflected off the indicia along the scan 
direction, and for generating an analog electrical signal 
indicative of the detected light intensity. 
As previously mentioned, the sampling aperture may 

correspond to the scan dimension of a moving laser 
beam in cross-section on the symbol and/or the field of 
view of the photodetector that is scanned across the 
symbol. 
The oversized sampling aperture which, as previ 

ously noted, is advantageous for providing a desirably 
long depth of focus and an increased signal-to-noise 
ratio, however, causes the modulation of the analog 
signal to be degraded. More particularly, the analog 
signal can be characterized as having high frequency 
components of low amplitudes corresponding to the 
narrow elements of the indicia, as well as low frequency 
components of higher amplitudes corresponding to the 
wider elements of the indicia. 

In order to enhance the modulation of the analog 
signal, this invention proposes the use of enhancement 
means for increasing the low amplitudes of the high 
frequency components of the analog signal. The en 
hancement means thereby converts the modulation 
degraded signal to a modulation-enhanced, analog elec 
trical signal having low and high frequency compo 
nents whose respective low and higher amplitudes are 
closer in magnitude to each other as considered with 
respect to the low and higher amplitudes of the modula 
tion-degraded signal. 

Put another way, whereas the modulation-degraded 
signal had high and low frequency components with a 
substantial difference in their respective amplitudes, the 
modulation-enhanced signal has low and high fre 
quency components whose respective amplitudes are 
nearly equal. Hence, a nearly equal modulation ampli 
tude has been provided for both the narrow and wider 
elements of the indicia without compromising the abil 
ity of the system to successfully decode and read the 
indicia. 

In a preferred embodiment, the enhancement means 
is a filter circuit having a gain versus frequency trans 
mission characteristic of the type wherein the high 
frequency components are amplified to a greater extent 
than the low frequency components of the modulation 
degraded signal. The transmission characteristic may be 
fixed or variable. When variable, the transmission char 
acteristic is varied as a function of a system characteris 
tic which is sensed during scanning by a sensor means 
operative for sensing the system characteristic. The 
sensor means converts the system characteristic to an 
output control voltage proportional to the sensed sys 
tem characteristic. The filter circuit is operatively con 
nected to the sensor means, and has its transmission 
characteristic varied by the output control voltage. 
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In the preferred embodiment, the transmission char 
acteristic has a low gain from a first frequency to a 
higher second frequency, a high gain from a third fre 
quency to a higher fourth frequency, and an intermedi 
ate gain from the second frequency to the third fre 
quency. The aforementioned output control voltage 
shifts at least one of the second, third or fourth frequen 
cies during scanning as a function of the sensed system 
characteristic. 
The sensor means may be a frequency-to-voltage 

converter operative for sensing the frequency of the 
modulation-degraded signal and for generating the con 
trol voltage as a function of the sensed frequency. The 
sensed frequency varies as a function of scanning speed 
and the width of the elements of the indicia. Hence, by 
changing the transmission characteristic as a function of 
frequency during scanning, a practical scanner opera 
tive over a broad range of symbol densities (element 
widths) and scanning speeds is achieved. 
The sensor means may be a temperature-to-voltage 

converter located in the vicinity of the aforementioned 
focusing lens of the light directing means for sensing the 
temperature in the circumambient region of the lens. 
The focusing lens is, in many cases, constituted of a 
synthetic plastic material and, therefore, its focusing 
characteristic is susceptible to changes in temperature. 
In short, the sampling aperture may be increased or 
decreased in size, depending upon the temperature sur 
rounding the lens. By changing the transmission charac 
teristic as a function of the sensed temperature, the 
degradation in the analog signal caused by an oversized 
sampling aperture may be compensated. 
The sensor means may also be a distance-to-voltage 

converter for sensing the distance between the system 
and the indicia. This converter may be an ultrasonic 
ranging device or sonar sensor of the type commonly 
used in automatic focusing systems in cameras. The 
greater the distance to the indicia, the higher the scan 
ning speed which, in turn, results in higher frequency 
components for the analog signal. 
This invention enhances the modulation of the analog 

signal generated by the photodetector, particularly 
under circumstances where the sampling aperture is 
deliberately made larger than the narrowest element in 
the indicia in order to achieve a higher signal-to-noise 
ratio and an extended depth of field for the system. 
Traditional digitizer circuits can function properly to 
enable the indicia to be properly decoded and read 
despite the degradation in the modulation of such ana 
log signals. 
The novel features which are considered as charac 

teristic of the invention are set forth in particular in the 
appended claims. The invention itself, however, both as 
to its construction and its method of operation, together 
with additional objects and advantages thereof, best 
will be understood from the following description of 
specific embodiments when read in connection with the 
accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a front perspective view of a laser scanning 

head in use, and schematically connected to other com 
ponents of a laser scanning system; 

FIG. 2 is a vertical sectional view of the head of FIG. 
1; 
FIG. 3 is a plan sectional view taken on line 3-3 of 

FIG. 2; 
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6 
FIG. 4 is an illustration depicting the generation of an 

analog signal of nearly equal amplitude modulation; 
FIG. 5 is an illustration analogous to FIG. 4, depict 

ing the generation of a modulation-degraded analog 
signal; 

FIG. 6 is an electrical schematic diagram of an en 
hancement circuit according to one embodiment of this 
invention; 

FIG. 7 is a collection of waveforms at various points 
in the diagram of FIG. 6; 

FIG. 8 is an electrical schematic diagram of the en 
hancement circuit of FIG. 6; 

FIG. 9 is a transmission characteristic of the enhance 
ment circuit of FIG. 8; 
FIG. 10 is an electrical schematic diagram of an en 

hancement circuit according to still another embodi 
ment of this invention; 
FIG. 11 is an electrical schematic diagram of an en 

hancement circuit according to still another embodi 
ment of this invention; and 
FIG. 12 is a collection of waveforms at various points 

in the diagram of FIG. 11. 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to FIGS. 1-3 of the drawings, refer 
ence numeral 10 generally identifies a lightweight (less 
than one pound), streamlined, hand-held, fully-portable, 
easy-to-manipulate, non-arm-and-wrist fatiguing laser 
scanning head supportable entirely by a user for use in 
a laser scanning system operative for reading, scanning 
and/or analyzing symbols, and aimable both prior to, 
and during, the reading thereof, by the user at the sym 
bols, each symbol in its turn. The term "symbol', as 
used herein, is intended to cover indicia composed of 
different portions having different light-reflective prop 
erties at the wavelength of the light source, e.g. a laser, 
being utilized. The indicia may be the omnipresent Uni 
versal Product Code (UPC) symbol, or any of the black 
and white industrial symbols, e.g. Code 39, Codabar, 
Interleaved 2 of 5, etc. The indicia may also be any 
alphabetic and/or numeric characters. The term "sym 
bol' is also intended to cover indicia located in a back 
ground field, wherein the indicia, or at least a portion 
thereof, have a different light-reflectivity property than 
that for the background field. In this latter definition, 
the "reading' of the symbol is of particular benefit in 
the fields of robotics and object recognition. For ease of 
description, this invention will be discussed in terms of 
the UPC bar code symbol composed of dark portions 
(bar elements) and alternating with light portions (space 
elements), the elements being of various widths which, 
when decoded, represent a code which identifies an 
object bearing the symbol. 
Turning now to FIG. 1, the head 10 includes a gener 

ally gun-shaped housing having a handle portion 12 of 
generally rectangular cross-section and generally elon 
gated along a handle axis, and a generally horizontally 
elongated barrel or body portion 11. The cross-sec 
tional dimension and overall size of the handle portion 
12 is such that the head 10 conveniently can fit and be 
held in a user's hand. The body and handle portions are 
constituted of a lightweight, resilient, shock-resistant, 
self-supporting material, such as a synthetic plastic ma 
terial. The plastic housing preferably is injection 
molded, but can be vacuum-formed or blow-molded to 
form a thin, hollow shell which bounds an interior space 
whose volume measures less than a value on the order 
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of 50 cubic inches and, in some applications, the volume 
is on the order of 25 cubic inches or less. Such specific 
values are not intended to be self-limiting, but to pro 
vide a general approximation of the overall maximum 
size and volume of the head 10. 
As considered in an intended position of use as shown 

in FIG. 2, the body portion 11 has a front prow region 
or nose having an inclined front all 11a. The body por 
tion 11 also has a rear region or stern having a rear wall 
11b spaced rearwardly of the inclined front wall 11a. 
The body portion 11 also has a top wall 11c, a bottom 
wall 11d below the top wall 11c, and a pair of opposed 
side walls 11te, 11f between the top and bottom walls. 
The front wall 11a is sloped relative to the top and 
botton walls. 
A manually-actuatable, and preferably depressible, 

trigger 13 is mounted on a cantilever resilient arm 1.3a 
for movement relative to the head in a forwardly-facing 
region where the handle and body portions meet and 
where the user's forefinger normally lies when the user 
grips the handle portion in the intended position of use. 
The bottom wall 11d has a lower opening, and the han 
dle 12 has a forwardly-facing slot through which the 
trigger 13 projects and is moved. The arm 13a has one 
end overlying a trigger switch 25 which is switched 
from an open to a closed state upon depression of the 
trigger 13. 
A window 14 is stationarily mounted at the nose and 

is light-transmissive to allow laser light to pass from the 
interior to the exterior of the head, and vice versa. 
A flexible, non-bulky, coil-type electrical cable 15 

with multiple freedoms of movement interconnects the 
head 10 to the remainder of the components of the laser 
scanning system, whose operation is explained in 
greater detail below. 
A plurality of components are shock-mounted in the 

head by shock mounts 23a, 23b, 23c, 23d and, as ex 
plained below, at least some of the components are 
actuated by the trigger 13, either directly or indirectly, 
by means of a control microprocessor. One of the head 
components is an actuatable laser light source, e.g. a 
semiconductor laser diode 33, operative, when actuated 
by the trigger 13, for propagating and generating an 
incident laser beam whose light preferably is, but need 
not be, visible to the human eye. A heat sink 31 con 
ducts waste heat away from the diode. The emitted 
laser diode beam is highly divergent; diverges differ 
ently in different planes parallel and perpendicular to 
the longitudinal direction of beam propagation; is non 
radially symmetrical, i.e. anamorphic; and has a beam 
cross-section resembling an oval. The diode may be of 
the continuous wave or pulse type. The diode requires 
a low voltage (e.g. 12 v DC or less) supplied by a power 
regulator and a battery (DC) source which may be 
provided within the head, or by a rechargeable battery 
pack accessory detachably mounted on the head, or by 
a power conductor in the cable 15 connected to the 
head from an external power supply (e.g. DC source). 
An optical assembly 30 is mounted in the head on a 

thin, flexible, printed circuit board 16 and adjustably 
positioned relative to the same for optically modifying 
and directing the emitted laser beam along a first optical 
path 21a, 21c toward a reference plane which is located 
exteriorly of the head, either at the nose for reading 
symbols in contact with the front wall 11a, or forwardly 
of the nose for reading symbols out of contact with the 
front wall 11a, The reference plane lies generally per 
pendicular to the longitudinal direction along which the 
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8 
emitted laser beam propagates. A symbol to be read is 
located in the vicinity of the reference plane, either at, 
or at one side, or at an opposite side, of the reference 
plane; that is, anywhere within the depth of field of the 
optically modified laser beam and within a range of 
working distances as measured relative to the head. The 
laser beam reflects off the symbol as a specular compo 
nent in one direction and as a scattered component in 
many directions, and that portion of the scattered laser 
light which travels along a second optical path 21c and 
21b away from the symbol back toward the head is 
known herein as the returning portion. 
The optical assembly includes an elongated, cylindri 

cal optical tube 34 having at one end region a cylindri 
cal bore in which an annular casing portion of the diode 
33 is snugly received to hold the diode in a fixed posi 
tion, and at the opposite end region of the optical tube 
34, an aperture stop 45 is formed. 
The optical assembly further includes a focusing lens 

32, e.g. a plano-convex lens, preferably constituted of 
synthetic plastic material, located in the first optical 
path, and operative (with the aperture stop) for focusing 
the emitted laser beam at the reference plane. The aper 
ture stop 45 may be located on either side of the lens 32, 
but preferably on the downstream side. A biasing means 
or tensioned coil spring 47 is located within the optical 
tube, and has one coil end bearing against a casing por 
tion of the diode, and another coil end bearing against a 
planar side of the lens 32. The spring constantly urges 
the lens against the aperture stop. 
The aperture stop has a cross-section which is about 

equal to the cross-section of the emitted laser beam at 
the aperture stop, thereby permitting a major portion of 
the emitted laser beam to pass through the aperture stop 
downstream along the first optical path en route to the 
symbol. The aperture stop cross-section preferably is 
rectangular or oval, in which case, the longer dimension 
of the rectangular or oval cross-section is aligned with 
the larger divergence angle of the laser beam to transmit 
more energy to the symbol. 
The laser beam generated by the diode is directed 

rearwardly by the optical assembly along path 21a 
within the head to a generally planar scanning mirror 
19b, for reflection therefrom. The scanning mirror 19b 
forwardly reflects the laser beam impinging thereon 
along path 21c through the forwardly-facing, laser 
light-transmissive window 14 and to the symbol. 
Asbest shown in FIG. 7, a portion of a representative 

symbol 100 is shown and, in the case of a bar code 
symbol, is comprised of a series of vertical bar elements 
spaced apart of one another to form space elements 
along a scan direction. A laser beam spot is focused on 
the symbol. When the scanning mirror is, as explained 
below, reciprocally and repetitively oscillated trans 
versely to sweep the laser beam lengthwise across all 
the elements of the symbol, a linear scan is generated. 
The linear scan can be located anywhere along the 
height of the elements provided that all the elements are 
swept. The length of the linear scan is longer than the 
length of the longest symbol expected to be read and, in 
a preferred case, the linear scan is on the order of 3 
inches. 
The scanning mirror 19b is mounted on a scanning 

means, preferably a high-speed scanner motor 24 of the 
type shown and described in U.S. Pat. No. 4,387,397, 
the entire contents of said patent being incorporated 
herein by reference and made part of the instant applica 
tion. For the purpose of this application, it is believed to 
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be sufficient to point out that the scanner motor 24 has 
an output shaft 104 on which a support bracket 19 is 
fixedly mounted. The scanning mirror is fixedly 
mounted on the bracket. The motor is driven to recipro 
cally and repetitively oscillate the shaft in alternate 
circumferential directions over arc lengths of any de 
sired size, typically less than 360, and at a rate of speed 
on the order of a plurality of oscillations per second. In 
a preferred embodiment, the scanning mirror and the 
shaft jointly are oscillated so that the scanning mirror 
respectively sweeps the laser diode beam impinging 
thereon through an angular distance or arc length at the 
reference plane of about 32' and at a rate of about 20 
scans or 40 oscillations per second. 

Referring again to FIG. 2, the returning portion of 
the scattered component of the reflected laser light has 
a variable light intensity, due to the different light 
reflective properties of the various elements that com 
prise the symbol 100, over the symbol during the scan. 
The returning portion of the reflected laser light is 
collected by a generally concave, spherical collecting 
mirror 19a, and is a broad conical stream of light in a 
conical collecting volume centered on path 21c. The 
collecting mirror 19a reflects the collected conical light 
into the head along path 21b through a laser-light-trans 
missive element 106 to a sensor means, e.g. a photosen 
sor 17. The photosensor 17, preferably a photodiode, 
detects the variable intensity of the collected laser light 
over a field of view which extends along, and prefera 
bly beyond, the linear scan, and generates an electrical 
analog signal indicative of the detected variable light 
intensity. 
The collecting mirror 19a is also mounted on the 

support bracket 19 and, when the scanning mirror is 
actuated by the trigger, the collecting mirror is recipro 
cally and repetitively oscillated transversely, sweeping 
the field of view of the photodiode lengthwise across 
the symbol in a linear scan. 
The scanning mirror and the collecting mirror are, in 

a preferred embodiment, of one-piece construction, but 
the scanning mirror can also be a discrete, small, planar 
mirror attached by glue, or molded in place, at the 
correct position and angle on a discrete, front surfaced, 
silvered concave mirror. The concave collecting mirror 
serves to collect the returning portion of the laser light 
and to focus the same on the photodiode. 
Also mounted in the head are various electrical sub 

circuits mounted on board 16. For example, signal pro 
cessing means 110 on board 16 are operative for pro 
cessing the analog electrical signal generated by the 
sensor, and for generating a digitized video signal. Data 
descriptive of the symbol can be derived from the video 
signal. Suitable analog-to-digital signal processing 
means for this purpose was described in U.S. Pat. No. 
4,251,798. Component 39 on board 16 constitutes drive 
circuitry for the scanner motor, and suitable motor 
drive circuitry for this purpose was described in U.S. 
Pat. No. 4,387,297. Component 40 on board 16 is a 
voltage converter for converting the incoming voltage 
to one suitable for energizing the laser diode 33. The 
entire contents of U.S. Pat. Nos. 4,251,798 and 4,387,297 
are incorporated herein by reference and made part of 
the instant application. 
The digitized video signal is conducted, in one em 

bodiment, along cable 15 to decode/control module 101 
(see FIG. 1) operative for decoding the digitized video 
signal to a digitized decoded signal from which the 
desired data descriptive of the symbol is obtained, in 
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10 
accordance with an algorithm contained in a software 
control program. The decode/control module includes 
a PROM for holding the control program, a RAM for 
temporary data storage, and a control microprocessor 
for controlling the PROM and RAM. The decode/con 
trol module determines when a successful decoding of 
the symbol has been obtained, and also terminates the 
reading of the symbol upon the determination of the 
successful decoding thereof. The initiation of the read 
ing is caused by depression of the trigger. The decode/- 
control module also includes control circuitry for con 
trolling the actuation of the actuatable components in 
the head, as initiated by the trigger, as well as for com 
municating with the user that the reading has been auto 
matically terminated as, for example, by sending control 
signals to indicator lamps 36, 37 to illuminate the same. 
The decoded signal is conducted to a remote, host 

computer 103 which serves essentially as a large data 
base, stores the decoded signal and, in some cases, pro 
vides information related to the decoded signal. For 
example, the host computer can provide retail price 
information corresponding to the objects identified by 
their decoded symbols. 

In another embodiment, the decode/control module 
and a local data storage means are mounted on another 
printed circuit board 27 in the handle portion, and store 
multiple decoded signals which have been read. The 
stored decoded signals thereupon can be unloaded to a 
remote host computer. By providing the local data 
storage means, the use of the cable during the reading of 
the symbols can be eliminated-a feature which is very 
desirable in making the head as freely manipulatable as 
possible. A beeper 28 is also operationally mounted on 
board 27 so that the user can hear through a port 29 in 
the handle when a symbol has been successfully read. 

In accordance with this invention, enhancement 
means are provided for enhancing the information con 
tained in the analog signal generated by the photodetec 
tor 17 under circumstances when the modulation of the 
analog signal has been degraded, e.g. when the sam 
pling aperture is larger in size than the narrowest ele 
ment of the symbol. As previously discussed, the sam 
pling aperture corresponds to the width of the laser 
beam in cross-section at the symbol, or the width of the 
field of view of the photodetector at the symbol, each 
width as considered along the scan direction. 

Attention is now drawn to FIG. 4, wherein a sam 
pling aperture 200 is, for convenience, shown as a circu 
lar spot of diameter d. A narrow bar element of width t 
is also shown adjacent a wide bar element of width T. In 
FIG. 4, d is approximately the same size as tand, hence, 
the analog signal generated during scanning comprises a 
series of analog pulses whose peaks have nearly the 
same amplitude for both narrow and wide bar elements 
and whose widths correspond to the widths of the bar 
elements. Thus, the depth of modulation of the analog 
signal shown in FIG. 4 is nearly equal for all bar ele 
ments. Hence, this analog signal is readily digitized and 
decoded by the decode module 101. 
FIG. 5 shows the situation where the sampling aper 

ture 202 has a diameter d' which is greater than the 
width t of the narrow bar element. In this case, the 
amplitude of the analog pulse corresponding to the 
narrow bar is much less than the amplitude of the pulse 
corresponding to the wide bar. The analog signal 
shown in FIG. 5 has thus been degraded due to the 
oversized sampling aperture 202. The lower the ampli 
tudes of the pulses corresponding to the narrow bar 
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elements, the more difficult it will be for the analog-to 
digital digitizer and the decode module to function 
properly. When the amplitudes of the narrow elements 
are too low, the digitizer will fail, and the symbol will 
not be decoded. 

Since an oversized sampling aperture is advanta 
geous, as described above, for increasing the depth of 
focus and for increasing the signal-to-noise ratio, this 
invention relates to enhancing the modulation-degraded 
analog signal so that the digitizer is less likely to fail. 
Also, less expensive and less complex digitizer circuits 
can now be used without compromising system resolu 
tion, due to the enhancement provided. 

Attention is now drawn to FIG. 6 where the analog 
signal at the output of the photodetector 17 is amplified 
by amplifier 150, and this unenhanced analog signal has 
waveform A which is depicted in FIG. 7 and is com 
pared to the bar and space elements of symbol 100 being 
scanned. Due to the oversized sampling aperture, the 
modulation of the analog signal has been degraded. 
Specifically, the analog pulses corresponding to the 
narrow elements have a lower amplitude than that of 
the wide elements. An enhancement filter 152, and pref. 
erably one that is voltage variable, performs the task of 
enhancing the modulation to generate an enhancement 
analog signal having waveform B which, as depicted in 
FIG. 7, has analog pulses corresponding to the narrow 
and wide elements whose amplitudes are closer to 
gether in magnitude. Details of the enhancement are 
described below. 
The enhancement analog signal, in a preferred em 

bodiment, is then differentiated in a differentiator 54 to 
produce a differentiated enhanced analog signal having 
a waveform C, which is also depicted in FIG. 7. The 
differentiated signal, thereupon, is conveyed to a vari 
able gain amplifier 156, and then to a digitizer 158 to 
generate a digitized output video signal having wave 
form D which is likewise depicted in FIG. 7. The digi 
tizer 158 may be identical to the circuitry described and 
claimed in U.S. Pat. No. 4,360,798, the entire contents 
of which are hereby incorporated herein by reference. 
The digitized output sighal is then decoded by a decode 
module 101. The widths of the digital pulses correspond 
to the widths between inflection points of the analog 
pulses which, in turn, correspond to the widths of the 
bar elements. 

If the unenhanced analog signal (FIG. 7 waveform 
A) is observed, it will be seen that the modulation 
caused by the narrow bar elements is not only lower in 
amplitude, but also is higher in frequency as compared 
to that of the wide bar elements. The enhancement filter 
152 is thus provided with a transmission characteristic 
which provides a higher gain for the frequencies of the 
narrow elements than the gain that it provides for the 
frequencies of the wider elements. Hence, the ampli 
tudes of the pulses for the narrow elements are in 
creased, and preferably up to magnitudes which corre 
spond to the magnitudes of the wider elements. 

FIG. 8 shows one embodiment of an enhancement 
filter having such a transmission characteristic, which is 
illustrated in the graph of FIG. 9. An operational ampli 
fier 160 has a grounded positive input and a negative 
input. A first filter stage, consisting of a resistor R3 
connected in parallel with a capacitor C2, is connected 
across the negative input and an output of the amplifier 
160. A second filter stage, consisting of a resistor R2 
connected in parallel with a capacitor C, is connected 
in series with the negative input of the amplifier 160. A 
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resistor R1 is connected in series with the second stage. 
The FIG. 8 network has one real zero and two real 
poles. 
As shown in FIG. 9, the transmission characteristic 

has a low gain from a first frequency fo to a second 
higher frequency f1, an intermediate gain from the sec 
ond frequency f. to a third higher frequency f2, and a 
higher gain from the third frequency f2 to a fourth 
higher frequency f, after which the gain rolls off 
toward zero in a direction of increasing frequency. 
As described so far, the transmission characteristic of 

the enhancement filter 152 is fixed, i.e. passive. This is 
satisfactory for systems that only read symbols of a 
known density and that only read symbols at a certain 
known distance from the laser scanning head so that the 
scanning speed across the symbol is the same for each 
symbol. In such an event, the enhancement filter of 
FIG. 8 can be provided with fixed resistors and capaci 
tors such that the expected frequencies corresponding 
to the narrow bar elements will predictably fall within 
the high gain range between frequency f2 and frequency 
fand, at the same time, the expected frequencies corre 
sponding to the wide elements will predictably fall 
within the low gain range between frequency fo and 
frequency f. 
However, a practical scanner needs to function prop 

erly over a broad range of symbol densities (element 
widths) and an extended range of working distances. 
Since the scanner, in practice, does not know in ad 
vance what element width or working distance (scan 
ning speed) it will encounter, the filter circuit must be 
tuned on a real time basis during actual scanning to 
match the frequencies of the analog signal pulses. In 
other words, the transmission characteristic of FIG. 9 is 
controlled by shifting at least one of the frequencies fl, 
fi, f. to insure that the high frequency components of 
the analog signal indeed will fall within the high gain 
range of frequencies between f2 and f and, at the same 
time, the low frequency components of the analog sig 
nal willindeed fall within the low gain range of frequen 
cies between fo and f. 
A sensor, therefore, is provided for sensing a system 

characteristic, e.g. the frequency of the narrow bar 
elements, and for tuning the enhancement filter as a 
function of such sensed system characteristic. As shown 
in FIG. 6, the enhanced analog signal is fed, after being 
differentiated, to a frequency-to-voltage converter 162 
operative for sensing the frequencies of the elements of 
the symbol and for generating an output control voltage 
V whose magnitude is directly proportional to the 
sensed frequency. A suitable frequency-to-voltage con 
verter is available from National Semiconductor, Inc., 
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integrated chip Model No. LM2907 or LM2917. As 
shown in FIG. 10, the control voltage V is fed to an 
input terminal of a field effect transistor (FET) 164 
whose output terminals may be connected across any 
one of the resistors R1, R2 or R3 of the enhancement 
filter. If the FET is connected across resistor R2, as 
shown in FIG. 10, then frequency points f and f, in 
FIG. 9 are shifted. If the FET is connected across resis 
tor R1, then the frequency point f will be shifted. If the 
FET is connected across resistor R3, then the frequency 
point f will be shifted. 

Rather than, or in addition to, tuning the filter circuit 
152 as a function of frequency of the analog signal, a 
temperature sensor can be used to monitor the tempera 
ture in the vicinity of the focusing lens 32, and the de 
tected temperature can be used to generate the output 

IPR2024-01221 Exhibit 2021 Page 12 of 15



5,140,146 
13 

control voltage V which, as described above, is used to 
tune the filter circuit 152. As previously noted, the 
focusing lens 32 is preferably constituted of plastic 
rather than glass, principally for reasons of economy, in 
which event, the plastic lens has its focusing character 
istic changeable as a function of temperature variations. 
This can cause the sampling aperture to increase in size 
and degrade the analog signal. A temperature-to-volt 
age sensor 166 (see FIGS. 3 and 6) is mounted near the 
lens, and is operative to generate the output control 
voltage V for input to the FET 164. A temperature-to 
voltage sensor converter suitable for this purpose is 
available from National Semiconductor, Inc., integrated 
chip Model No. LM135/235/335 or LM135A/235A/3- 
35A. 

Rather than, or in addition to, tuning the enhance 
ment filter 152 as a function of frequency and tempera 
ture, a distance sensor can be used to measure the dis 
tance at which the symbol is located away from the 
head. The greater this distance, the greater the scanning 
speed and the greater the frequency of the elements of 
the symbol. The distance sensor is operative for gener 
ating the output control voltage V which, in turn, as 
described above, tunes the enhancement filter 152. The 
distance sensor used can be of the type developed for 
camera auto-focusing, proximity switching and optic 
distance measuring and, for example, is available from 
Hamamatsu, Inc., integrated circuit Model No. H2152, 
H1783 or H2663. This sensor applies the principle of 
triangular measurement, and finds the distance to the 
symbol by radiating infrared rays from a light emitting 
diode 168 to the symbol and receiving the reflected 
light with a position sensitive detector 170 (see FIGS. 3 
and 6). 

Returning to FIG. 6, the output of the differentiator 
feeds a variable gain amplifier 156 whose gain is con 
trolled by an automatic gain control (AGC) circuit 172. 
The AGC circuit senses the amplitude of the signal 
going into the digitizer 158, and adjusts the variable 
gain amplifier 156 to insure that the signal amplitude 
stays within the range over which the digitizer 158 can 
operate. The amplifier 156 is designed so its bandwidth 
is reduced as its gain is increased, thereby minimizing 
noise in high gain situations. The AGC function is op 
tional when the enhancement filter is used, but gener 
ally will improve the working distance range of the 
scanner, thereby maximzing the benefit of the enhance 
ment circuitry. 
The digitizer 158 represented in FIG. 6 is a circuit 

that can locate the peaks of the differentiated analog 
signal. These peaks, as mentioned earlier, correspond to 
the inflection points of the analog signal. The space 
between the inflection points is an accurate representa 
tion of the bar or space element being scanned, so that 
it is desirable to use a digitizer that can locate them. The 
location of the inflection points is not distorted by the 
enhancement filter 152. 
Other types of digitizers and enhancement circuits 

may be used. Attention is now drawn to FIG. 11 
wherein the unenhanced analog signal having wave 
form A is conducted to two branches of an enhance 
ment circuit. In the first branch, the unenhanced analog 
signal having waveform A (see FIG. 7) is conducted 
through the passive enhancement filter 152 shown in 
FIG. 8, whereupon the enhanced analog signal having 
waveform B is generated and fed to one input of a com 
parator 174. In the second branch, the unenhanced 
analog signal is conducted to a first differentiator 176 
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operative for generating a first differentiated signal 
having waveform E (see FIG. 12). This first differenti 
ated signal is then conducted to a second differentiator 
178 operative for generating a second differentiated 
signal having a waveform F (see FIG. 12). The second 
differentiated signal is compared in the comparator 174 
with the enhanced analog signal provided by the output 
of the enhancement filter 152. The comparator 174 
produces a digitized output signal having a waveform D 
which has a logical level dependent on the amplitude of 
the enhanced analog signal at the time of each zero 
crossing of the second derivative signal. The zero cross 
ings of the second derivative signal reflect the actual 
transitions of the input signal between binary levels 
(edge enhancement) and not small, rapid shifts in the 
input level as might be caused by noise. A more accu 
rate digital signal thus is obtained at the output of the 
comparator and digitizer. This output digital signal is 
closer to the true representation of the code read by the 
reading device and cancels the effect of noise intro 
duced during the reading of the bar code. 
The enhancement circuitry of FIG. 11 is less likely to 

generate false trailing edges for wide bar symbols. 
Hence, the enhancement filter 152 may be passive, i.e. 
not voltage variable, without sacrificing system resolu 
tion. 
The edge enhancement technique described herein is 

of particular benefit in the field of laser bar code scan 
ners, but need not be limited to that field. The laser used 
may be a helium-neon gas laser, or a semiconductor 
laser diode of the infrared or visible type. Non-laser 
light sources may also be used, e.g. a light emitting 
diode. The outgoing light beam need not be automati 
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cally scanned, but may be manually scanned as is com 
mon with wand-type readers. The scanner need not 
include a hand-held head of the type shown in FIG. 1, 
since all of the scanner components can be mounted in 
a stand-alone workstation which is either fixed or mov 
able at any location. The decode module 101 need not 
be located exteriorly of the scanner head, but, instead, 
may be physically incorporated within the head itself. A 
keyboard and/or a display may also be incorporated in 
a hand-held scanner so as to constitute an intelligent 
field-portable terminal. In short, the edge enhancement 
techniques described herein may be used with many 
different types of electro-optical readers. With the en 
hancement circuitry described above, the laser optics 
may be conveniently and inexpensively fabricated as 
one or more plastic lenses whose temperature depen 
dence is easily compensated by the enhancement cir 
cuitry. 

It will be understood that each of the elements de 
scribed above, or two or more together, also may find a 
useful application in other types of constructions dif 
fereing from the types described above. 
While the invention has been illustrated and de 

scribed as embodied in bar code symbol readers with 
edge enhancement, it is not intended to be limited to the 
details shown, since various modifications and struc 
tural changes may be made without departing in any 
way from the spirit of the present invention. 
Without further analysis, the foregoing will so fully 

reveal the gist of the present invention that others can, 
by applying current knowledge, readily adapt it for 
various applications without omitting features that, 
from the standpoint of prior art, fairly constitute essen 
tial characteristics of the generic or specific aspects of 
this invention and, therefore, such adaptations should 
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and are intended to be comprehended within the mean 
ing and range of equivalence of the following claims. 
What is claimed as new and desired to be protected 

by Letters Patent is set forth in the appended claims. 
We claim: 
1. A system for reading indicia having spatially adja 

cent elements of narrow and wider widths and of differ 
ent light reflectivity, comprising: 

(a) means for directing light from a source of light to 
the indicia for reflection therefrom; 

(b) means for scanning the indicia along a scan direc 
tion with a sampling aperture whose dimension 
along the scan direction is larger than the width of 
at least one of the narrow elements; 

(c) detector means for detecting light of variable 
intensity reflected off the indicia along the scan 
direction, and for generating a modulation 
degraded, analog electrical signal having high fre 
quency components of low amplitudes correspond 
ing to the narrow elements, and low frequency 
components of higher amplitudes corresponding-to 
the wider elements; and 

(d) enhancement means for increasing the low ampli 
tudes of the high frequency components, and for 
converting the modulation-degraded signal to a 
nodulation-enhanced, analog electrical signal hav 
ing low and high frequency components whose 
respective low and higher amplitudes are closer in 
magnitude to each other as considered with respect 
to the low and higher amplitudes of the modula 
tion-degraded, analog electrical signal; wherein 

the enhancement means includes sensor means for 
sensing a system characteristic and a filter circuit 
having a gain versus frequency transmission char 
acteristic such that the high frequency components 
are amplified to a greater extent than the low fre 
quency components of the modulation-degraded, 
analog electrical signal, the sensor means varying 
the transmission characteristic as a function of the 
sensed system characteristic. 

2. The system as recited in claim 1, wherein the sen 
sor means is a system characteristic-to-voltage con 
verter operative for generating an output control volt 
age proportional to the sensed system characteristic; 
and wherein the filter circuit is operatively connected 
to the converter, and has its transmission characteristic 
varied by the output control voltage. 

3. The system as recited in claim 2, wherein the trans 
mission characteristic has a low gain from a first fre 
quency to a higher second frequency, a high gain from 
a third frequency to a higher fourth frequency, and as 
intermediate gain from said second frequency to said 
third frequency, and wherein the output control voltage 
shifts at least one of the second, third and fourth fre 
quencies. 

4. The system as recited in claim 3, wherein the filter 
circuit includes a dual input operational amplifier hav 
ing an output, one of the inputs of the amplifier being 
grounded; a first stage including a first resistor and a 
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tors, said control component having an input control 
terminal for receiving the output control voltage, and 
for shifting said at least one frequency as a function of 
the output control voltage. 

5. The system as recited in claim 4, wherein the con 
trol component is a field effect transistor having a gate 
terminal for receiving the output control voltage, an a 
pair of output terminals connected in parallel across on 
of the resitors. 

6. The system as recited in claim 2, wherein the sen 
sor means is a frequency-to-voltage converter opera 
tively connected to the detector means for sensing the 
frequency of the modulation-degraded signal, and for 
generating the output control voltage as a function of 
the sensed frequency. 

7. The system as recited in claim 2, wherein the sen 
sor means is a temperature-to-voltage converter located 
in the vicinity of the light directing means for sensing a 
temperature thereof, and for generating the output con 
trol voltage as a function of the sensed temperature. 

8. The system as recited in claim 7, wherein the means 
for directing light includes a focusing lens for focusing 
said light along the scan direction, and wherein the 
sensor means is located in the circumambient region of 
the focusing lens. 

9. The system as recited in claim 2, wherein the sen 
sor means is a distance-to-voltage converter for sensing 
a distance between the system and the indicia, and for 
generating the output control voltage as a function of 
the sensed distance. 

10. The system as recited in claim 1, wherein the 
system is a moving beam laser scanner for reading bar 
code symbols on a real-time basis; and wherein the 
means for directing light includes means for generating 
and directing a laser beam to each symbol, and means 
for optically modifying the laser beam to have a beam 
spot whose dimension along the scan direction consti 
tutes the sampling aperture; and wherein the scanning 
means sweeps the beam spot across each symbol. 

11. The system as recited in claim 1, wherein the 
detector means is a photosensor having a field of view 
which constitutes the sampling aperture, and wherein 
the means for scanning scans the field of view. 

12. The system as recited in claim 1, wherein the 
system is a retro-reflective laser scanner for reading bar 
code symbols on a real-time basis; and wherein the 
means for directing light includes means for generating 
and directing a laser beam to each symbol, and means 
for optically modifying the laser beam to form a beam 
spot in cross-section; and wherein the detector means is 
a photosensor having a field of view which overlaps the 
beam spot on each symbol; and wherein the means for 
scanning scans both the laser beam spot and the field of 
view across each symbol. 

13. A method of reading indicia having spatially adja 
cent elements of narrow and wider widths and of differ 
ent light reflectivity, comprising the steps of: 

(a) directing light from a source of light to the indicia 
for reflection therefrom; 

first capacitor connected in parallel with each other and 60 (b) scanning the indicia along a scan direction with a 
also connected in parallel across the other input and the 
output of the amplifier; a second stage including a sec 
ond resistor and a second capacitor connected in paral 
lel with each other and connected in series with the 
other input of the amplifier; and a third resistor con 
nected in series with the second stage and the other 
input of the amplifier; and a control component opera 
tively connected to one of the resistors and the capaci 

65 

sampling aperture whose dimension along the scan 
direction is larger than the width of at least one of 
the narrow elements; 

(c) detecting light of variable intensity reflected off 
the indicia along the scan direction, and generating 
a modulation-degraded, analog electrical signal 
having high frequency components of low ampli 
tudes corresponding to the narrow elements, and 
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low frequency components of higher amplitudes higher amplitudes of the modulation-degraded, 
corresponding to the wider elements; and analog electrical signal; wherein 

(d) increasing the low amplitudes of the high fre- the step of increasing includes amplifying the high 
quency components, and for converting the modu- frequency components to a greater extent than the 
lation-degraded signal to a modulation-enhanced, 5 low frequency components of the modulation 
analog electrical signal having low and high fre- degraded, analog electrical signal, sensing the am 
quency components whose respective low and bient temperature, and amplifying the high fre: 
higher amplitudes are closer in magnitude to each quency components as a function of the sensed 
other as considered with respect to the low and temperature. 8 s 
higher amplitudes of the modulation-degraded, 10 15. A method of reading indicia having spatially adja 
analog electrical signal; wherein cent elements of narrow and wider widths and of differ 

the step of increasing includes amplifying the high enlight reflectivity comprising thSteps of, 
frequincy components to a greater extent than the (a) directing light from a source of light to the indicia 

for reflection therefrom: low frequency components of the modulation- rary 
degraded, analog electrical signal, sensing the fre- 15 (b) E. title a scan ity 2. 
quency of the modulation-degraded signal, and sampling aperture whose dimension along the scan 

- A - direction is larger than the width of at least one of amplifying the high frequency components as a 
function of the sensed frequency. (e)Airavariable intensity reflected of 

14. A method of reading indicia having spatially adja- gig y -- 20 the indicia along the scan direction, and generating 
centelements of narrow andwider widths and of differ- a modulation-degraded, analog electrical signal ent light reflectivity, comprising the steps of: a - - having high frequency components of low ampli 
(EEurce of light to the indicia tudes corresponding to the narrow elements, and 

low frequency components of higher amplitudes 
(b) scanning the indicia along a scan direction with a 25 C y po p ar corresponding to the wider elements; and 
sampling aperture whose dimension along the scan (d) increasing the low amplitudes of the high fre 
direction is larger than the width of at least one of quency components, and for converting the modu 
the narrow elements; lation-degraded signal to a modulation-enhanced, 

(c) detecting light of variable intensity reflected off a - s analog electrical signal having low and high fre 
the indicia along the scan direction, and generating 30 quency components whose respective low and 
a modulation-degraded, analog electrical signal s higher amplitudes are closer in magnitude to each 
having high frequency components of low ampli 
tudes corresponding to the narrow elements, and 
low frequency components of higher amplitudes 

other as considered with respect to the low and 
higher amplitudes of the modulation-degraded, 
analog electrical signal; wherein 

corresponding to the wider elements; and 35 
(d) increasing the low amplitudes of the high fre 
quency components, and for converting the modu 
lation-degraded signal to a modulation-enhanced, 
analog electrical signal having low and high fre 
quency components whose respective low and 40 amplifying the high frequency components as a 
higher amplitudes are closer in magnitude to each function of the sensed distance. 
other as considered with respect to the low and 

the step of increasing includes amplifying the high 
frequency components to a greater extent than the 
low frequency components of the modulation 
degraded, analog electrical signal, sensing a dis 
tance between the indicia and a scanning head, and 

45 
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