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(51) 

(52) 

(57) 
In the present invention, the control unit of an optical reader 
analyzes image data being generated by the imaging element 
of the reader and changes the mode of operation of the 
reader if the image data indicates that machine readable 
indicia, Such as a bar code Symbol or a text character, is 
likely in the field of view of the reader. Normally, analysis 
of image data includes the Step of detecting for edge 
transitions in the image information. If the control unit 
determines that the image data includes more than a prede 
termined number of edge transitions, then the control unit 
imparts appropriate control over various reader elements to 
change the mode of operation of the reader. Normally, the 
control unit changes the mode of operation of the reader 
from a first mode, wherein the reader does not operate to 
decode or recognize image data to a Second mode, wherein 
the reader operates to decode and/or recognize image data. 
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INDICA SENSOR SYSTEM FOR OPTICAL 
READER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a continuation of U.S. patent application 
Ser. No. 09/432.282 filed on Nov. 2, 1999 the content of 
which is relied upon and incorporated herein by reference in 
its entirety, and the benefit of priority under 35 U.S.C. S 120 
is hereby claimed. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to optical readers in 
general and particularly to an optical reader configured to 
change operating modes depending on characteristics of 
images in the reader's field of View. 
0004 2. Background of the Prior Art 
0005 Prior art optical readers are sometimes configured 
to operate in a “continuous Scan mode' So that bar code 
Symbols and other indicia presented to the reader are auto 
matically decoded or otherwise recognized without manu 
ally activating a control element Such as a trigger to com 
mence indicia recognizing activities. 
0006. A continuous scan operating configuration requires 
repetitive illumination flashing of an LED array in the case 
of an image Sensor based optical reader and repetitive laser 
Scanning in the case of a laser Scan engine based optical 
reader. Repetitive flashing illumination or laser Scanning 
requires a high level of energy consumption and can result 
in premature component degradation. Furthermore, the 
repetitive illumination or laser Scanning has been observed 
to be highly distracting to users of Such optical readers 
configured to continuously Scan image data. 
0007 U.S. Pat. No. 5,550,366 describes a system for 
automatically activating image Scanning in a portable bar 
code reader when the presence of a bar code in a target area 
is detected. However, the detection of a bar code in the target 
area is carried out on a period basis and requires for the 
detection activation of a high radiance Source of illumina 
tion. Accordingly, the System is not responsive in real time 
to an object being moved into the field of view of the reader, 
and the high radiance illumination required for operation of 
the System remains a Source of distraction. 
0008. There is a need for an optical reader which is 
configured to automatically and in real time decode or 
otherwise recognize machine readable indicia that is pre 
Sented to the reader without manual activation of a control 
element to commence recognition operations. 

SUMMARY OF THE INVENTION 

0009. According to its major aspects and broadly stated, 
the invention is a method for operating an optical reader So 
that control of the reader depends on image information 
being generated by the optical imaging element, Such as an 
image Sensor, of the reader. 
0010. In one embodiment, the reader control unit ana 
lyzes image information being generated by the imaging 
element and changes the mode of operation of the reader if 
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the image information indicates that machine readable indi 
cia, Such as bar code symbols or a text character, is in the 
field of view of the reader. Normally, analysis of image data 
includes the Step of detecting for edges, or edge transitions 
in the image information. If the control unit determines that 
the image information includes more than a predetermined 
number of edge transitions, then the control unit imparts 
appropriate control over various reader elements to change 
the mode of operation to the reader. 
0011 When the control unit determines that machine 
readable indicia is in the field of View of the imaging 
element then the control unit may change the mode of 
operation of the reader from a first mode, wherein the reader 
does not operate to decode or otherwise recognize machine 
readable indicia to a Second mode, wherein the reader 
actively attempts to decode or otherwise recognize machine 
readable indicia. The Second mode may be characterized, for 
example, by an increased illumination of the field of view, 
and/or by the activation or enhancement of decoding algo 
rithms being operated to process captured image data and/or 
by the activation or enhancement of optical character rec 
ognition (OCR) algorithms being operated to process cap 
tured image data. 
0012. The method may be utilized with any type of 
optical reader, including a basic hand held bar code reader, 
a multi functional data collection unit having a keyboard, 
display, and imaging element, a Scan Stand optical reader, or 
a fixed mount optical reader mounted to generate image 
information corresponding to articles which are manually or 
automatically moved across a point of transaction. 
0013 The method may be utilized with an optical reader 
to Supplement or replace the function normally provided by 
a trigger Switch. In most hand held optical readers a trigger 
Switch is manually depressed to commence decoding or 
recognition operations of the reader. An optical reader 
programmed in accordance with the invention may com 
mence decoding and/or recognition operations automatically 
upon the detection of machine readable indicia in the field of 
View of the reader without a trigger being depressed. 
0014. These and other details, advantages and benefits of 
the present invention will become apparent from the detailed 
description of the preferred embodiment herein below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 The preferred embodiment of the invention will 
now be described, by way of example only, with reference 
to the accompanying Figures wherein like members bear 
like reference numerals and wherein: 

0016 FIG. 1 is a block electrical diagram of an exem 
plary optical reading device in which the invention may be 
incorporated; 

0017 FIGS. 2A-2H show perspective views of exem 
plary optical readers in which the invention may be incor 
porated; 
0018 FIG. 2 shows an example optical reader of the 
type in which the invention may be incorporated Stationed in 
a Scan Stand; 
0019 FIG. 3 is a flow diagram illustrating operations 
which may be performed by an optical reading device during 
execution of the invention; 
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0020 FIG. 4 is a pixel diagram corresponding to a single 
bar Symbol illustrating one possible variation of the edge 
detection method of the invention; 
0021 FIG. 5 is a pixel diagram corresponding to a 
multiple bar Symbol illustrating a Second possible variation 
of an edge detection method of the invention; 
0022 FIG. 6 is a pixel diagram corresponding to a 
Substantially uniform white sheet of paper illustrating a third 
possible variation of an edge detection method of the 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0023. A block diagram illustrating one type of optical 
reading device in which the invention may be incorporated 
is described with reference to FIG. 1. 

0024 Optical reader 10 includes an illumination assem 
bly 20 for illuminating a target object T, such as a 1D or 2D 
bar code Symbol, and an imaging assembly 30 for receiving 
an image of object T and generating an electrical output 
Signal indicative of the data optically encoded therein. 
Illumination assembly 20 may, for example, include an 
illumination Source assembly 22, Such as one or more LEDs, 
together with an illuminating optics assembly 24, Such as 
one or more reflectors, for directing light from light Source 
22 in the direction of target object T. Illumination assembly 
20 may be eliminated if ambient light levels are certain to be 
high enough to allow high quality images of object T to be 
taken. Imaging assembly 30 may include an image Sensor 
32, such as a 1D or 2D CCD, CMOS, NMOS, PMOS, CID 
or CMD Solid State image Sensor, together with an imaging 
optics assembly 34 for receiving and focusing an image of 
object T onto image Sensor 32. The array-based imaging 
assembly shown in FIG. 1 may be replaced by a laser 
Scanning based imaging assembly comprising a laser Source, 
a Scanning mechanism, emit and receive optics, a photode 
tector and accompanying Signal processing circuitry. 

0.025 Optical reader 10 of FIG. 1 also includes program 
mable control unit 40 which preferably comprises an inte 
grated circuit microprocessor 42 and an application specific 
integrated circuit or ASIC 44. Processor 42 and ASIC 44 are 
both programmable control devices which are able to 
receive, output and proceSS data in accordance with a Stored 
program Stored in memory unit 45 which may comprise Such 
memory elements as a read/write random acceSS memory or 
RAM 46 and an erasable read only memory or EROM 47. 
RAM 46 typically includes at least one volatile memory 
device but may include one or more long term non-volatile 
memory devices. Processor 42 and ASIC 44 are also both 
connected to a common bus 48 through which program data 
and working data, including address data, may be received 
and transmitted in either direction to any circuitry that is also 
connected thereto. Processor 42 and ASIC 44 differ from one 
another, however, in how they are made and how they are 
used. 

0026. More particularly, processor 42 is preferably a 
general purpose, off-the-shelf VLSI integrated circuit micro 
processor which has overall control of the circuitry of FIG. 
2, but which devotes most of its time to decoding image data 
stored in RAM 46 in accordance with program data stored 
in EROM 47. Processor 44, on the other hand, is preferably 
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a special purpose VLSI integrated circuit, Such as a pro 
grammable logic or gate array, which is programmed to 
devote its time to functions other than decoding image data, 
and thereby relieve processor 42 from the burden of per 
forming these functions. 
0027. The actual division of labor between processors 42 
and 44 will naturally depend on the type of off-the-shelf 
microprocessors that are available, the type of image Sensor 
which is used, the rate at which image data is output by 
imaging assembly 30, etc. There is nothing in principle, 
however, that requires that any particular division of labor be 
made between processors 42 and 44, or even that Such a 
division be made at all. This is because Special purpose 
processor 44 may be eliminated entirely if general purpose 
processor 42 is fast enough and powerful enough to perform 
all of the functions contemplated by the present invention. It 
will, therefore, be understood that neither the number of 
processors used, nor the division of labor therebetween, is of 
any fundamental significance for purposes of the present 
invention. 

0028. With processor architectures of the type shown in 
FIG. 1, a typical division of labor between processors 42 
and 44 will be as follows. Processor 42 is preferably devoted 
primarily to the tasks of decoding image data, once Such data 
has been Stored in RAM 46, handling menuing options and 
reprogramming functions, processing commands and data 
received from control/data input unit 39 which may com 
prise such elements as trigger 74 and keyboard 78 and 
providing overall system level coordination. Processor 44 is 
preferably devoted primarily to controlling the image acqui 
Sition process, the A/D conversion process and the Storage of 
image data, including the ability to acceSS memories 46 and 
47 via a DMA channel. Processor 44 may also perform many 
timing and communication operations. Processor 44 may, 
for example, control the illumination of LEDS 22, the timing 
of image Sensor 32 and an analog-to-digital (A/D) converter 
36, the transmission and reception of data to and from a 
processor external to reader 10, through an RS-232, a 
network, or a serial bus such as USB, (or other) compatible 
I/O interface 37 and the outputting of user perceptible data 
via an output device 38, Such as a beeper, a good read LED 
and/or a display monitor which may be provided by a liquid 
crystal display Such as display 82. In the alternative, given 
that off-the-shelf microprocessors having built-in Serial 
interfaces and display controllers are now available, it may 
be convenient to configure processor 42 to control output, 
display and I/O functions. Control of output, display and I/O 
functions may also be shared between processors 42 and 44, 
as Suggested by bus driver I/O and output/display devices 
37" and 38' or may be duplicated, as suggested by micro 
processor serial I/O ports 42A and 42B and I/O and display 
devices 37" and 38'. As explained earlier, the specifics of this 
division of labor is of no significance to the present inven 
tion. 

0029 FIGS. 2A through 2H show examples of types of 
housings in which the present invention maybe incorpo 
rated. FIGS. 2A and 2B show a ID optical reader 10-1, 
while FIGS. 2C-2H show 2D optical readers 10-2, 10-3, 
10-4. Housing 12 of each of the optical readers 10-1 through 
10-4 is adapted to be graspable by a human hand and has 
incorporated therein at least one trigger Switch 74 for 
activating image capture and decoding and/or image capture 
and character recognition operations. Readers 10-1, 10-2, 
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10-3 include hard-wired communication links 78 for com 
munication with external devices Such as other data collec 
tion devices or a host processor, while reader 10-4 includes 
an antenna 80 for providing wireleSS communication with an 
external device Such as another data collection device or a 
host processor. 

0.030. In addition to the above elements, reader 10-3 and 
10-4 each include a display 82 for displaying information to 
a user and a keyboard 78 for enabling a user to input 
commands and data into the reader. 

0.031) Any one of the readers described with reference to 
FIGS. 2A through 2H may be mounted in a stationary 
position as is illustrated in FIG.2I showing a generic optical 
reader 10 docked in a scan stand 90. Scan stand 90 adapts 
portable optical reader 10 for presentation mode Scanning. In 
a presentation mode, reader 10 is held in a Stationary 
position and an indicia bearing article is moved across the 
field of view of reader 10. 

0032. As will become clear from the ensuing description, 
the invention need not be incorporated in a portable optical 
reader. The invention may also be incorporated, for example, 
in association with a control unit for controlling a non 
portable fixed mount imaging assembly that captures image 
data representing image information formed on articles 
transported by an assembly line, or manually transported 
acroSS a checkout counter at a retail point of Sale location. 
0033. Now referring to particular aspects of the inven 
tion, a high level flow diagram illustrating operation of an 
optical reader configured to operate in accordance with the 
invention is shown in FIG. 3. At block 102 control unit 40 
analyzes image information that is generated by the reader's 
imaging assembly. At block 104 control unit 40 determines 
if a machine readable indicia is likely represented in the 
image information, and if the unit 40 at block 104 deter 
mines that a machine recognized indicia is likely contained 
in the image information then the unit at block 106 changes 
the mode of operation of the reading device. 
0034 Preferred implementations of each of these steps 
will now be described in detail. While the analysis of image 
information (block 102) could be carried out by processing 
of analog image Signals produced by Sensor array 32, or by 
a photo detector in the case the imaging assembly is laser 
based, the analysis of image information is preferably car 
ried out by processing of pixel image data captured by 
control unit 40. In the control system of FIG. 2, control unit 
40 captures image data by repeatedly reading the output 
from A/D converter 36 and writing these data into RAM 46. 
In the case of a 2D imaging assembly, pixel data corre 
sponding to an entire field of View of the imaging assembly 
is typically referred to as a "frame” of image data, or a bit 
map. 

0035 Control unit 40 may detect for the presence of 
machine readable indicia in captured image data by detect 
ing for edge transitions or edges in the image data. An edge 
of an image is an area of contrast between a darker indicia 
and lighter indicia. A plain uniformly reflecting Substrate can 
be expected to have Substantially no human recognizable 
edge transitions. A Substrate having a bar code symbol 
formed thereon, however, can be expected to have Several 
edge transitions because each interface between a Space and 
a dark area of a symbol constitutes an edge. Substrates 
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having machine readable text characters formed thereon can 
also be expected to have Several edge transitions. In one 
implementation of the invention, control unit 40 determines 
that a frame of image data captured by an imaging System is 
likely to contain machine recognizable indicia if the Scene 
contains more than a predetermined number of edge transi 
tions. 

0036) The preferred number of predetermined edge tran 
Sitions that is Selected to indicate the likely presence of 
machine readable indicia in a captured frame of image data 
may vary within a wide range (from about 3 to 50 or more) 
depending on Such factors as the characteristics of machine 
readable indicia which are to be Subject to image capture, 
and on characteristics of the image capturing process. The 
Selection of a relatively Small number of edge transitions 
(such as between about 5 and 15) as the predetermined 
threshold number of edges indicating the likely presence of 
machine readable indicia is useful in the case a reading 
device according to the invention is configured to detect for 
the presence of bar code symbols having 50 or more edge 
transitions formed on a Substrate that is moving relative to 
a reading device during image capture. Selecting a number 
of edge transitions Substantially less than the actual number 
of edge transitions expected to be found in a still captured 
image aids in the detection of machine readable indicia in 
captured images that are blurred as a result of a Substrate 
and/or reader being moved during the image capture pro 
CCSS. 

0037. In an alternative implementation of the invention, 
control unit 40 determines that a captured Scene likely 
contains machine recognizable indicia if the number of edge 
transitions represented in captured frames of image data 
changes by more than a predetermined amount over the 
course of one or more consecutively captured frames. Such 
an implementation is useful, for example, where control unit 
40 is employed to capture images from Scenes having 
backgrounds known to have a high number of edges (wood 
grain Surfaces, for example). In one specific example of this 
type of implementation, control unit 40 can be configured to 
determine that a first frame is not likely to contain machine 
recognizable indicia if the frame has edge transitions num 
bering within an “equilibrium' range number of edge tran 
Sitions and to determine that a next frame is likely to contain 
machine recognizable indicia if the next frame contains a 
number of edge transitions that differs from that of the 
previous frame by a predetermined amount. 

0038 Control unit 40 may detect edge transitions in 
captured image data in a variety of ways. In one method for 
edge detection, control unit 40 analyzes a line of image data 
to determine if a captured image includes an edge or edges. 
Control unit 40 may detect edges in a captured image by 
establishing at least one threshold in a line of image data and 
recording an edge detection each time the line image data 
crosses the threshold. In one embodiment of the invention, 
the at least one threshold may be established based on the 
average pixel value or on a function of the average pixel 
value of the line of image data. 
0039. If control unit 40 captures image data from a 1xN 
1D image Sensor then the line of image or pixel data 
analyzed by control unit 40 comprises image data generated 
from the row of pixels of the linear pixel array. If control unit 
40 captures image data from a 1D laser Scanning assembly 
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then the line of image data analyzed by control unit 40 
comprises image data corresponding to a line Sweep of a 
laser Scanner. If control unit 40 captures image data from a 
2D image Sensor then the line of image data analyzed by 
control unit 40 may comprise any line grouping of pixels 
from the initial captured bit map. The line of pixel values 
analyzed by control unit 40 may comprise, for example, 
pixel data one or more pixels wide corresponding to a 
Vertical, horizontal, diagonal linear row of pixels from the 
Sensor array. The line of pixels need not be linear, however. 
For example, the line of pixels analyzed by control unit 40 
may comprise an arcuate or jagged grouping of pixels from 
a captured bit map. Furthermore, control unit 40 need not 
analyze every pixel from a Selected line. For example it may 
be beneficial to ignore pixels (Such as every other pixel) in, 
a given line in the interest of increasing processing Speed. 
The line of pixel data analyzed by control unit 40 normally 
comprises pixel data captured in an initial bit map. It will be 
understood, however, that a pixel value of a line of image 
data in accordance with the invention may not be an actual 
pixel value from an initial bit map, but a representative pixel 
value determined, for example, based on the values of a 
grouping of positionally related pixels of an initial bit map. 

0040 FIG. 4 shows pixel data 108 that corresponds to a 
Scene having a Single bar Symbol. The regions of higher 
pixel intensity 110 and 112 correspond to space while the 
region of lower pixel intensity 114 corresponds to the bar. It 
is seen by threshold 116 that a single threshold may suc 
cessfully aid in the detection of edge transitions of a Scene. 
If edges are detected for based on pixel data crossings of 
threshold 116, then threshold 116 will result in the recording 
of two edge transitions 118 and 120, which is the correct 
number for a Scene having a single bar. However, it is seen 
by threshold 122 that if threshold 122 is in a range of pixel 
values about which pixel values may fluctuate due to noise, 
that detecting for edges using a Single threshold may yield 
erroneous detections of edge transitions. 

0041. Threshold 122 also illustrates other potential prob 
lems which may arise with use of a constant valued thresh 
old. In the case that a Scene is illuminated non-uniformly, or 
if indicia is formed on Substrate non-uniformly, use of a 
constant threshold for determining edge transitions can yield 
inconsistent edge detections of image data corresponding to 
Similar indicia. It is seen that although region 110 and region 
112 both correspond to a white substrate, they are illumi 
nated slightly non-uniformly and therefore application of 
constant threshold 122 would result in edges being detected 
for in region 110 and not being detected in region 112. 
0042. Accordingly, in view of the potential problems 
involved with the use of a single, constant threshold, it may 
be beneficial to detect for edges in row of pixel image data 
utilizing a plurality of “adaptive” thresholds. FIG. 5 illus 
trates thresholding edge detection method utilizing two 
“adaptive' thresholds, an adaptive maximum threshold 130 
and an adaptive minimum threshold 132. 

0043. In an adaptive threshold, the threshold at any one 
pixel may be a function of the values of pixels in proximity 
with that pixel. Although the adaptive threshold method 
increases the processing load and computation time, use of 
adaptive threshold or thresholds enables an edge detection 
method, according to the invention, to accurately record 
edge transitions in the case there is a non-uniform illumi 
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nation of a Scene or in the case that dark regions of machine 
readable indicia are formed on a Substrate non-uniformly. In 
the specific example of FIG. 5, the maximum threshold 130 
is established at a predetermined percent (Such as an 80 
percent level) of a tracking line, which tracks local maxi 
mum points of the row of pixel data 138 with a provision that 
results in local maximum points being bypassed if a local 
maximum point is significantly lower than neighboring local 
maximum points. The minimum threshold 130, meanwhile, 
is established at a predetermined percent value (Such as 20 
percent above) of a minimum tracking line, which is estab 
lished by tracking local minimum points of the row of pixel 
data 138 with the provision that results in local minimum 
points that are significantly higher than neighboring local 
minimum points being bypassed. Edge transitions in the 
example of FIG. 5 are recorded when the pixel data 138 falls 
below the minimum threshold 132, e.g., point 134, and when 
the pixel data rises above maximum threshold 130, e.g. point 
136. 

0044 FIG. 4 shows pixel data corresponding to a single 
bar in a Scene, FIG. 5 shows pixel data corresponding to a 
machine readable symbol, while FIG. 6 shows pixel data 
corresponding to a white sheet of paper. In the example of 
FIG. 4 corresponding to a single bar, the edge detection 
method utilizing threshold 120 will record two edges, which 
according to the invention is not normally a Sufficient 
number of edges to constitute the detection of a machine 
readable indicia. Normally, the reader is programmed So that 
a Substantial number of edges (normally at least three) are 
required to constitute the detection of a machine readable 
indicia. In the example of FIG. 5 corresponding to a 
machine readable indicia then application of an edge detec 
tion method results in sixteen (16) edges being detected. 
This is normally sufficient to constitute the detection of a 
machine readable indicia. 

0045. In the edge detection methods described thus far 
with reference to FIGS. 4 and 5, the detection of edges 
depends only on whether there is detectable fluctuation of 
pixel image data and not on the magnitude of the fluctuation. 
Accordingly, as the edge detection method has been 
described thus far, application of the method may result in 
edges being detected from image data corresponding to a 
Substantially uniform gray Scale Scene. It can be observed 
from the example of FIG. 6 illustrating a row 140 of pixel 
data corresponding to a Substantially uniform white Sub 
Strate that use a Single constant threshold for detecting edges 
or use of maximum and minimum thresholds as described in 
connection with the example of FIG. 5 would result in 
Several edge transitions being detected in the pixel data. 

0046) To the end that application of the method does not 
result in edges being detected on a Substrate having Sub 
Stantially uniform gray Scale images therein, a pixel variance 
measurement Step may be executed. In a pixel variance 
measurement Step, the pixel value may be analyzed to 
determine a measurement in pixel variance, Such as the 
difference between the maximum and minimum pixel value, 
or the difference between the average local minimum value 
and the average local maximum value. If the pixel variance 
measurement value does not exceed a predetermined value, 
then it is determined that the Scene is one of a Substantially 
uniform reflectance, and either processing ends or edges that 
are detected are ignored. 
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0047. In the example illustrated in FIG. 6, the step of 
pixel variance measurement is Substituted for by a special 
ized minimum threshold establishing Step. Specifically, in 
the example shown in FIG. 6, minimum threshold 142 is 
established according to a rule which precludes minimum 
threshold 142 from being established within a predetermined 
value from the value of maximum threshold 144 at any given 
pixel location. Using this threshold establishing Step, it is 
seen that the pixel value 140 never falls below minimum 
threshold 142, and that therefore no edges are detected. This 
is the correct result for a Substantially uniform gray Scale 
image in which Substantially no edges are humanly recog 
nizable. 

0.048. It has been mentioned that control unit 40, accord 
ing to the method of the invention, normally analyzes a line 
of image data at a given time. In the case of a 1D image 
Sensor, there is often only one pixel row from which a line 
of image data can be determined. However, a 2D image 
Sensor comprises Several rows of pixels from which numer 
ous lines of image data can be selected. In a preferred 
implementation of the invention in a reader having a 2D 
image Sensor control unit 40 applies Several lines of image 
data determined from an initial bit map to an edge detection 
method in Succession. In one embodiment of the invention, 
control unit 40 applies lines of image data corresponding to 
a vertical, horizontal, diagonal left, and diagonal right pixel 
rows to an edge detection method in Succession. In another 
embodiment, control unit 40 applies parallel lines of image 
data determined from the array to an edge detection method 
in Succession. If application of an edge detection method to 
any one of the lines of image data yields the detection of an 
image having a plurality of edge transitions before all lines 
of image data determined from a given frame are applied to 
the method, then program control may immediately jump to 
step 106 to change the mode of operation of the reader 
without analyzing the remaining lines of image data. 
0049 Referring again to the flow diagram of FIG. 3, it is 
seen that control unit 40 proceeds to block 106 to change the 
mode of operation of the reader when the control unit 
determines that a machine readable indicia is in the field of 
VeW. 

0050 Normally, this change in the reader operating mode 
will comprise a change in the operation of the reader from 
a first mode, wherein the reader does not have the capability 
to recognize machine readable indicia to a Second mode 
wherein the reader actively attempts to recognize machine 
readable indicia. The Second mode of operation may be 
characterized, for example, by the activation of illumination 
array 22, and/or by activation of a bar code decoding 
algorithm and/or an optical character recognition algorithm. 
When a bar code decoding algorithm is activated, control 
unit 40 may process a frame of image data to locate image 
data pertaining to a Symbology, determine the identity of that 
Symbology, and apply further decoding Steps to the image 
data corresponding to that Symbology to determine the 
message encoded by the Symbol. The Second mode of 
operation may also be characterized by the activation of an 
optical character recognition (OCR) algorithm. When an 
optical character recognition algorithm is activated, control 
unit 40 processes image data from a frame to determine the 
identity of any text characters or other machine readable 
image data which may be represented in the frame. If in the 
Second mode of operation, the reader is programmed either 
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to decode a symbol or to perform OCR on other machine 
readable indicia, then control unit 40 should be configured 
to execute certain processing Steps to determine whether the 
detected machine readable image data corresponds to a 
Symbol or whether the image data corresponds to non 
Symbol indicia. Since Such processing Steps, and Specific 
Steps of various decoding and optical character recognition 
algorithms are well known, they will not be discussed 
further herein. 

0051) While this invention has been described in detail 
with reference to a preferred embodiment, it should be 
appreciated that the present invention is not limited to that 
precise embodiment. Rather, in View of the present disclo 
Sure which describes the best mode for practicing the 
invention, many modifications and variations would present 
themselves to those skilled in the art without departing from 
the Scope and Spirit of this invention, as defined in the 
following claims. 

What is claimed is: 
1. A method for operating an optical reading device, the 

optical reading device including an imaging assembly and a 
control System, the method including the Steps of: 

capturing a frame of imaging data using the imaging 
assembly; 

applying at least one adaptive threshold to the imaging 
data to obtain edge transition data; 

analyzing the edge transition data to detect the presence of 
machine readable indicia; and 

changing a mode of operation of the device from a first 
mode of operation to at least one Second mode of 
operation, if the Step of analyzing indicates that the 
imaging data represents machine readable indicia. 

2. The method of claim 1, wherein the Step of applying 
further comprises: 

obtaining a line of the imaging data; 
applying the at least one adaptive threshold for the line of 

imaging data, and 
recording an edge transition when Said image information 

crosses the at least one adaptive threshold. 
3. The method of claim 2, wherein the at least one 

adaptive threshold includes two adaptive thresholds. 
4. The method of claim 3, wherein the two adaptive 

thresholds includes a maximum adaptive threshold and a 
minimum adaptive threshold. 

5. The method of claim 4, wherein the edge transition data 
indicates an edge transition when the line of imaging data 
crosses both the maximum adaptive threshold and the mini 
mum adaptive threshold. 

6. The method of claim 4, wherein the maximum adaptive 
threshold is approximately 80% of the line. 

7. The method of claim 4, wherein the minimum adaptive 
threshold is approximately 20% of the line. 

8. The method of claim 1, wherein the at least one 
adaptive threshold is applied on a pixel-by-pixel basis, Such 
that the adaptive threshold for a pixel is a function of pixel 
values proximate the pixel. 

9. The method of claim 1, wherein the step of applying 
further comprises the Step of performing a pixel variance 
measurement. 
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10. The method of claim 9, wherein the pixel variance 
measurement further comprises: 

calculating a difference between a maximum pixel value 
and a minimum pixel value; and 

comparing the difference to a predetermined value to 
determine whether the imaging data represents an edge 
transition. 

11. The method of claim 10, wherein an edge transition is 
detected if the difference is greater than the predetermined 
value, and an edge transition is not detected if the difference 
is less that or equal to the predetermined value. 

12. The method of claim 9, wherein the pixel variance 
measurement further comprises: 

calculating a difference between an average local maxi 
mum pixel value and an average local minimum pixel 
value; and 

comparing the difference to a predetermined value to 
determine whether the imaging data represents an edge 
transition. 

13. The method of claim 12, wherein an edge transition is 
detected if the difference is greater than the predetermined 
value, and an edge transition is not detected if the difference 
is less that or equal to the predetermined value. 

14. The method of claim 12, wherein the average local 
maximum pixel value and the average local minimum pixel 
value are pixel values taken from a line of imaging data. 

15. The method of claim 9, wherein the imaging data 
represents a gray Scale image if the difference is less that or 
equal to the predetermined value. 

16. The method of claim 1, further comprising the step of 
recording detected edge transitions when a pixel value 
crosses the at least one adaptive threshold. 

17. The method of claim 16, wherein the step of applying 
includes the Step of Setting a maximum threshold and a 
minimum threshold, and wherein the recording Step includes 
the Step of counting an edge transition if Said image infor 
mation rises above said maximum threshold or falls below 
Said minimum threshold. 

18. The method of claim 17, wherein the maximum 
threshold is separated from the minimum threshold by a 
predetermined value. 

19. The method of claim 1, wherein the optical reading 
device is not configured to decode imaging data in the first 
mode, but is configured to read optical indicia in the at least 
one Second mode. 

20. The method of claim 19, wherein the optical indicia 
includes bar code indicia. 

21. The method of claim 20, wherein the bar code indicia 
includes a linear bar code and/or a two-dimensional bar 
code. 

22. The method of claim 19, wherein the optical indicia is 
read using optical character recognition. 

23. The method of claim 1, wherein the optical reading 
device is configured to provide increased illumination in the 
at least one Second mode. 

24. The method of claim 1, wherein the Step of changing 
Step further comprises: 

determining a number of edge transitions in the edge 
transition; and 

changing the mode if the number of edge transitions 
exceeds a predetermined amount. 

Nov. 27, 2003 

25. The method of claim 1, wherein the step of changing 
Step further comprises: 

determining a number of edge transitions in the edge 
transition; and 

changing the mode if the number of edge transitions 
changes by a predetermined amount. 

26. The method of claim 1, wherein Step of analyzing 
further comprises: 

Sequentially analyzing a plurality of lines of imaging data; 
and 

Terminating the Step of analyzing if one of the plurality of 
lines indicates the presence of edge transitions in 
excess of a predetermined amount. 

27. The method of claim 1, wherein the step of analyzing 
includes the Step of Sequentially analyzing vertical, horizon 
tal, and diagonal rows of image information. 

28. The method of claim 1, wherein the step of analyzing 
includes the Step of Sequentially analyzing parallel lines of 
image information. 

29. An optical imaging device for reading machine read 
able indicia disposed on an object, the device comprising: 

an imaging assembly configured to capture a frame of 
imaging data corresponding to an image of the object; 
and 

a control System coupled to the imaging assembly, the 
processor being configured to, 
apply at least one adaptive threshold to the imaging 

data to thereby detect edge transitions in the imaging 
data, 

analyze the edge transitions to determine whether the 
imaging data includes machine readable indicia, and 

decode the machine readable indicia if the Step of 
analyzing indicates the presence of machine readable 
indicia. 

30. The optical imaging device of claim 29, wherein the 
control System is further configured to change a mode of 
operation of the optical reader if the Step of analyzing 
indicates the presence of machine readable indicia. 

31. The optical reading device of claim 29, wherein the 
control System is further configured to: 

analyze at least one line of image information from the 
captured frame; and 

change a mode of operation of the optical reading device 
if the number of edge transitions exceeds a predeter 
mined amount. 

32. The optical reading device of claim 31, wherein the 
control System is configured to Sequentially analyze a plu 
rality of the lines of image information in the captured frame 

33. The optical reading device of claim 29, wherein the 
control System Sequentially analyzes vertical, horizontal, 
and diagonal rows of image information. 

34. The optical reading device of claim 29, wherein the 
control System is further configured to: 

analyze at least one line of imaging data; and 
record the edge transitions of the at least one line of 

imaging data. 
35. The optical reading device of claim 34, wherein the at 

least one adaptive threshold includes a maximum threshold 
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and a minimum threshold, the control System being config 
ured to count an edge transition if a portion of the at least one 
line exceeds the maximum threshold or falls below the 
minimum threshold. 

36. The optical reading device of claim 35, wherein a 
value of the maximum threshold and a value of the minimum 
threshold differ by a predetermined amount. 

37. The optical reading device of claim 29, wherein the 
control System is further configured to: 

analyze at least one line of image information from the 
captured frame; and 

change the mode of operation of the optical reading 
device if the number of the edge transitions changes by 
a predetermined amount. 

38. The optical reading device of claim 36, wherein the 
control System is further configured to Sequentially analyze 
a plurality of lines of the captured frame. 

39. The optical reading device of claim 36, wherein the 
control System is further configured to terminate detection of 
the edge transitions when the number of the edge transitions 
changes by a predetermined amount. 
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40. The optical reading device of claim 29, wherein the 
control System is configured to Sequentially analyze vertical, 
horizontal, and diagonal rows of image information. 

41. The optical reading device of claim 29, wherein the 
control System is further configured to analyze at least one 
line of imaging data and record the edge transitions based on 
crossings of the line of imaging data of the at least one 
adaptive threshold. 

42. The optical reading device of claim 41, wherein the at 
least one adaptive threshold includes a maximum threshold 
and a minimum threshold, and the control System is con 
figured to record the an edge transition if a portion of the line 
of imaging data exceeds the maximum threshold or falls 
below the minimum threshold. 

43. The optical reading device of claim 42, wherein the 
maximum threshold and the minimum threshold are sepa 
rated by a predetermined range of values Such that edge 
transitions are not recorded from imaging data correspond 
ing to a Substantially uniform gray Scale image. 


