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METHOD AND APPARATUS FOR A
PORTABLE NON-CONTACT LABEL
IMAGER

This is a continuation of application Ser. No. 08/328,927
filed Oct. 25, 1994 now abandoned

TECHNICAL FIELD

The present invention relates to devices for reading codes
on labels, and more particularly relates to a non-contact
imaging system capable of reading bar codes and two-
dimensional dense codes omni-directionally.

BACKGROUND OF THE INVENTION

Various types of machine-readable codes and electronic
code readers are known in the art. These devices are useful
because they eliminate the need for data to be manually
entered into a terminal by an user. This is desirable because
it allows data to be collected more quickly and more
accurately than is possible with manual data entry.

Laser scanners are commonly used to read one-
dimensional bar codes, which are used in a variety of
applications. For example, bar codes appear on a wide
variety of goods and merchandise, and on shipping labels
that are affixed to packages. Once a bar code is read and
decoded by a suitable bar code reader, a computer may use
the decoded number to access associated data that has been
stored in a database. For example, with goods and
merchandise, each product has a unique bar code number,
and the associated data would identify the product and its
price, manufacturer, etc. With a package, the label number
would uniquely identify the package, and the associated data
would include information such as the size and weight of the
package, the origin and destination addresses, and type of
service selected (e.g., overnight delivery, second day
delivery, etc.).

In the case of portable, non-contact bar code readers, the
laser beam that is used to read the label also serves two other
important functions. The laser beam projects a visible line
that allows the user to aim the bar code reader at the target
label, and to properly orient the bar code reader with respect
to the bar code’s axis. In addition, the intensity and wave-
length of the laser light are such that the ambient lighting
conditions in stores, offices, warehouses, etc. do not affect
the bar code reader’s ability to read the label.

One-dimensional bar codes are best suited for applica-
tions requiring a maximum of approximately 15 characters.
In order to encode larger amounts of data using one-
dimensional bar codes, the bar codes must be relatively
large. This results in labels that are too large to fit on small
items, and which require relatively large amounts of paper.

In order to practically encode larger amounts of data,
compact two-dimensional codes or symbologies have been
developed. For example, a hexagonal coding symbology can
encode up to 100 characters in an area that is approximately
1 inch square. Such a symbology is disclosed in U.S. Pat.
No. 4,998,010, entitled “Polygonal Information Encoding
Article, Process and System,” and U.S. Pat. No. 4,874,936,
entitled “Hexagonal, Information Encoding Article, Process
and System,” the disclosures of which are incorporated
herein by reference and made a part hereof. When used on
package labels, these two-dimensional symbologies allow
shipping information such as origin, destination, weight,
type of service, etc. to be read directly from the label,
without requiring associated data to be looked up in a
centralized data base.
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The conventional laser scanners that are used to read
one-dimensional bar codes are not capable of reading two-
dimensional codes. However, cameras that employ charge
coupled device (CCD) arrays are capable of “capturing”
images of both one-dimensional and two-dimensional codes.
The process of capturing an image, which is analogous to
taking a snap-shot with a conventional photographic camera,
involves focusing an image on the CCD array, and exposing
the CCD array to the image for a predetermined period of
time. The exposure time is referred to as the electronic
shutter speed. Once the output of the CCD camera is
digitized, it may be stored and/or manipulated prior to being
decoded. The ability to “rotate” the image data after the
image is captured allows a code to be captured and decoded
without regard to its rotational orientation. Thus, it is not
necessary to align the camera with a particular axis of the
code.

Because a CCD camera captures a two-dimensional
image and provides image data to a decoding algorithm, a
label reading device employing a CCD camera is as versatile
as the decode algorithms programmed in the terminal. This
allows a single reader to be used to read and decode various
types of bar codes and two-dimensional symbologies, pro-
vided the appropriate decoding algorithm is available.
Examples of such cameras and associated methods are
disclosed in U.S. Pat. No. 5,329,105, entitled “Method and
Apparatus for Determining the Width of Elements of Bar
Code Symbols,” U.S. Pat. No. 5,308,960, entitled “Com-
bined Camera System,” and U.S. Pat. No. 5,276,315,
entitled “Method and Apparatus for Processing Low Reso-
lution Images of Degraded Bar Code Symbols,” the disclo-
sures of which are incorporated herein by reference.

CCD cameras are readily available and well suited to this
application. However, it is necessary to adjust the electronic
shutter speed in order to ensure that the CCD camera is
properly exposed when it captures the label image. A prop-
erly exposed image is neither too bright (overexposed), nor
too dark (underexposed). In addition, it is necessary to
ensure that the camera is aimed at the label, and that the
distance between the camera and the label (i.e., the object
distance) falls within a predetermined range. The proper
object distance ensures that the image that is focused on the
camera is the proper size, i.e., small enough to fit on the
CCD array, yet large enough to be properly decoded by the
decoding algorithm that is applied to the digitized image
data.

Although the prior art includes label imagers that provide
aiming indicia and exposure control, there is a need in the art
for a non-contact label imager that facilitates the proper
aiming, positioning, and exposure of the camera. The opera-
tion should be automated, simple, and should require mini-
mal action on the part of the user. Therefore, there is a need
in the art for a non-contact label imager in which a single
actuation of a scan button initiates all such functions of a
read sequence.

SUMMARY OF THE INVENTION

The present invention is directed to a label imager that
satisfies these needs. A portable non-contact label imager
having the features of the present invention comprises a
camera, a source of illumination, aiming indicia and a
position sensing device for determining when a label is
within the camera’s depth of field.

Generally described, the present invention provides a
non-contact imager for capturing information indicia located
on a surface. In order to capture the information indicia, the
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imager includes a camera having an adjustable speed shutter.
The imager includes means for providing aiming indicia,
which are projected on to the surface and correspond to the
field of view of the camera. A range finder is provided in
order to determine the distance between the imager and the
surface. An illumination source illuminates the portion of
the surface that includes the information indicia. The imager
includes a controller that is operatively connected to the
camera, the aiming indicia providing means, the range
finder, and the illumination source.

After the aiming indicia have been activated, the control-
ler is operative for determining whether the distance
between the imager and the surface is within a predeter-
mined range of distances. If so, the controller deactivates
aiming indicia providing means. The controller determines a
proper shutter speed for the camera and captures an image
of the information indicia using the camera.

More particularly described, a non-contact imager having
the features of the present invention may include a light
sensor for measuring light reflected from the surface. The
controller uses the light sensor to determine the proper
shutter speed by activating the illumination source, measur-
ing the amount of light present at the light sensor, and
determining the proper shutter speed for the camera in
response to the amount of light measured at the light sensor.
After the light is measured by the light sensor, the controller
deactivates the illumination source.

Alternatively, a non-contact imager determines the proper
shutter speed by activating the illumination source, deter-
mining the amount of light present at the camera during a
preliminary exposure, and determining the proper shutter
speed for the camera in response to the amount of light
measured at the camera. The controller deactivates the
illumination source after the light is measured by the cam-
era.

In another aspect, the present invention provides a method
for operating a non-contact imager for capturing information
indicia on a surface. The method determines if the distance
between the imager and the surface is within a predeter-
mined range of distances and, if so, deactivates aiming
indicia. At that point, the method determines a proper shutter
speed for a camera, which provides an adjustable shutter
speed, and obtains an image of the information indicia using
the proper shutter speed. The method provides output data,
which corresponds to the image data provided by the cam-
era.

More particularly described, the method of the present
invention determines the proper shutter speed by activating
an illumination source, and measuring the amount of light
present at the imager. The proper shutter speed is determined
in response to the amount of light measured at the imager.
The amount of light present at the imager can be determined
by measuring a voltage provided by a light sensor, or by
capturing an image of the information indicia during a
preliminary exposure and analyzing the captured image. The
preliminary exposure is taken using a predetermined shutter
speed.

Accordingly, it is an object of the present invention to
provide a non-contact imager that automatically executes all
of the functions associated with a read cycle.

It is another object of the present invention to provide
aiming indicia for indicating the field of view of the imager’s
camera.

It is another object of the present invention to provide a
position sensing device that determines whether the distance
between a surface and the imager is within a predetermined
range of distances.
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It is another object of the present invention to provide a
non-contact imager that determines a proper shutter speed
and captures an image in response to a determination that a
surface is within a predetermined range of distances of said
imager.

These and other objects, features, and advantages of the
present invention may be more clearly understood and
appreciated from a review of the following detailed descrip-
tion of the disclosed embodiments and by reference to the
appended drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a portable data terminal
that employs the non-contact label imager of the present
invention to read a label on a package.

FIG. 2 is a bottom plan view of the portable data terminal
of FIG. 1, illustrating the position of various components.

FIG. 3 is an isometric view of a portion of the interior of
the portable data terminal of FIG. 1, illustrating the position
of various components.

FIG. 4 is a block diagram of the circuitry employed in the
preferred embodiment of the non-contact label imager of the
present invention.

FIG. 5 is a schematic diagram of the circuitry used to
drive the illumination light emitting diodes.

FIG. 6 is a flow chart illustrating the preferred method of
operating the preferred non-contact label imager of the
present invention.

FIG. 7 is a top plan view of a label on a package
illustrating the pattern formed by the marker LEDs of FIG.
2.

FIG. 8 is a bottom plan view of the portable data terminal
of FIG. 1, illustrating an alternative embodiment including
laser diodes for illuminating the label, and a line generator
to provide a target indicator.

FIG. 9 is a top plan view of a label on a package
illustrating the pattern from the line generator of FIG. 8.

FIG. 10 is a partial bottom plan view of the portable data
terminal of FIG. 1, illustrating an alternative location for the
light sensor adjacent the CCD array.

FIGS. 11A and 11B illustrate an alternative illuminator
that employs a circular LED arrangement.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to the drawings, in which like numerals
represent like elements throughout the several figures, FIGS.
1-3 illustrate a portable data terminal 10 that employs a
non-contact label imager 15 embodying the present inven-
tion. The preferred label imager 15 is mounted in the bottom
of the portable data terminal 10, and is capable of capturing
images of information indicia, such as a two-dimensional
code 20 that is printed on a label 25 on a package 30. The
label 25 also includes printed alphanumeric characters 32
indicating the package identification number, recipient and
destination address. The image data that is captured by the
imager is decoded by a separate decoder 34.

Generally described, the primary function of the data
terminal 10 is to facilitate the collection of package-related
data by a package delivery service’s delivery personnel. The
collected data is transferred to a central computer system for
tracking and billing purposes. A keypad 35 provides both
alphanumeric and function-related keys that allow the user
to enter commands and alphanumeric data. A signature
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capture pad 40 is used to digitize and capture the signature
of the person receiving the package. A display 45 is used to
reflect data entered via the keypad and signature capture pad,
and to provide shipping information (e.g., prices, etc.) in
response to input data. An optical interface port (not shown)
is provided in order to allow serial data to be transferred to
and from the portable data terminal 10. The portable data
terminal 10 is controlled by a microprocessor and other
electronic circuitry (not shown). A portable data terminal
including such features is described in U.S. Pat. No. 5,278,
399, entitled “Data Entry Unit,” the disclosure of which is
incorporated herein by reference.

As mentioned above, automatic label reading devices are
useful for reading labels affixed to packages. The portable
data terminal 10 is equipped with the label imager 15, which
is the preferred embodiment of the present invention, and
with the decoder 34. The preferred label imager 15 and
decoder 34 allow the data terminal 10 to capture and decode
a one-dimensional code or two-dimensional code 20, which
is printed on the label 25. The data terminal 10 is able to
associate the decoded package identification data captured
from the label 25 with information entered via the keypad
35. In addition, the signature capture pad 40 is used to record
the signature of the person who signs for the package at its
destination. After the pertinent data is collected by and
stored in the data terminal 10, the data may be transmitted
to the package delivery service’s central computer via the
terminal’s communications ports.

Alternatively, the data terminal 10 could be equipped with
both the label imager 15 and a one-dimensional bar code
scanner (as described in U.S. Pat. No. 5,278,399). In this
embodiment, the bar code scanner would be used to read
one-dimensional bar codes, and the label imager 15 could be
used to read two-dimensional codes.

FIGS. 2-5 illustrate the primary components of the pre-
ferred label imager 15, which forms a part of the portable
data terminal 10. FIG. 2 is a bottom plan view of the portable
data terminal 10, and illustrates the mechanical configura-
tion of the components. FIG. 3 is an isometric view of
portion of the interior of the portable data terminal 10,
looking at the bottom of the terminal. FIG. 4 is a schematic
diagram illustrating the connections between the label
imager 15, the decoder 34, and the portable data terminal 10.
FIG. 5 is a schematic diagram of the circuitry used to drive
the light emitting diodes that illuminate the target label.

The primary component of the label imager 15 is a charge
coupled device (CCD) camera 50, which is mounted in the
upper center portion of the data terminal’s bottom surface.
The CCD camera 50, which includes a CCD array, optics
and associated electronic circuitry, is operative for capturing
an image of a label, and providing an analog output corre-
sponding to the image. A plurality of illumination light
emitting diodes (LEDs) 55 are arranged to form an array
with the CCD camera 50 at its center. The illumination LEDs
55 are turned on during the CCD camera’s exposure period
in order to ensure that the label is properly illuminated. The
CCD camera 50 provides a variable exposure time
(electronic shutter speed). The electronic shutter speed is
selected so that the captured image is properly exposed, and
so that the exposure is not blurred due to movement of the
data terminal 10 during the exposure. This operation is
described more completely below in conjunction with FIG.
6.

Four marker LEDs 60 are mounted at the comers of the
illumination LED array. The marker LEDs 60 provide
aiming indicia that allow the data terminal user to properly
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aim the CCD camera 50 at the label. Each of the marker
LEDs 60 emits an approximately collimated beam of light
that projects a dot onto a surface below the data terminal 10.
The dots correspond to the corners of the CCD camera’s
rectangular field of view. This allows the user to manipulate
the data terminal so that the area defined by the dots
encompasses the target label.

A position sensing device 65, which includes an emitter
66 and a detector 67, is mounted adjacent the CCD camera
50. The position sensing device 65 detects the distance
between the package and the data terminal 15 as the user is
in the process of aiming the data terminal’s CCD camera 50.
When the position sensing device indicates that the distance
between the package and the data terminal is within a
predetermined range of distances, a proper shutter speed is
set and the CCD camera 50 captures an image of the package
label. Those skilled in the art will appreciate that the proper
distance between the data terminal and the package must be
established in order to ensure that the image is in focus at the
CCD camera, and that the size of the image captured by the
CCD camera 50 is neither too large for the CCD array, nor
too small to be accurately decoded by the decoding algo-
rithm.

In order to determine the proper shutter speed for the CCD
camera 50, a light sensor 70 is mounted above the CCD
camera 50. The light sensor 70 is used to measure the
amount of light reflected from the label before the label
image is captured. Immediately prior to capturing the label
image, the illumination LEDs 55 are turned on and the
amount of reflected light is measured by the light sensor 70.
The shutter speed of the CCD camera 50 is then adjusted so
that the amount of light measured by the light sensor will
result in the proper exposure.

Those skilled in the art will appreciate that, in an alter-
native embodiment, the amount of reflected light can be
determined without requiring a separate light sensor. In an
alternative method, the reflected light may be determined by
using the CCD camera to take a preliminary exposure of the
label image. For the preliminary exposure, the shutter speed
is set to a predetermined time period, and the captured image
data is analyzed by the microprocessor in order to determine
the shutter speed that will result in the label image being
properly exposed. A method for using a CCD camera to take
a preliminary exposure of a label is disclosed in co-pending
U.S. patent application Ser. No. 08/328,660, entitled “Auto-
matic Electronic Camera For Label Image Capture,” which
is filed concurrently herewith, and commonly assigned
(hereinafter referred to as the “Automatic Electronic Camera
application”). The disclosure of the Automatic Electronic
Camera application is incorporated herein by reference and
made a part hereof.

As more clearly illustrated in the isometric view of FIG.
3, the label imager 15 includes a top printed circuit board 71
and a bottom printed circuit board 72. The printed circuit
boards are mounted on standoffs 73 that extend from the
interior surfaces of the data terminal case. The top printed
circuit board 71 is mounted to the bottom circuit board using
spacers 74. Grommets 76 are used to reduce the amount of
vibration and shock that is transferred from the data termi-
nal’s case to the CCD camera. The rubber grommets 76 are
bonded to the printed circuit boards and mounted on the
standoffs. A portion of the top printed circuit board 71 has
been cut away to show the relative positions of the other
components.

The position sensing device 65 and the light sensor 70 are
mounted to the top printed circuit board 71. The CCD
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camera 50 is mounted to the bottom printed circuit board 72.
A portion of the CCD camera 50 extends through a hole in
the top printed circuit board 71. The marker LEDs 60 and
illumination LEDs 55 are also mounted to the top printed
circuit board 71. However, only a few of the illumination
LEDs 55 are shown in FIG. 3 in order to avoid obscuring the
view of the other components.

FIG. 4 is a schematic diagram illustrating the electrical
connections between various components that are included
in the portable data terminal 10. Generally described, the
portable data terminal 10 includes data terminal circuitry 75
and the circuitry associated with the label imager 15 and the
decoder 34. The data terminal circuitry 75 implements the
primary data acquisition functions of the data terminal 10.
As mentioned above, these functions include acquiring and
displaying shipping related data via a keypad, display and
signature pad. The circuitry includes a microprocessor suit-
able for controlling the functions of the data terminal 10,
memory for storing programs and shipping data, and a
rechargeable battery. The data terminal circuitry 75 also
includes data communications hardware that allows data to
be conveyed to and from the data terminal 10.

The label imager 15 is designed so that the interface
between the label imager 15 and the data terminal circuitry
75 is very straightforward and easy to implement. The data
terminal circuitry 75 and the imager 15 are connected to
each other by means of a bidirectional serial data interface.
The data terminal provides a “start signal” in response to the
actuation of a button on the data terminal’s keypad. The start
signal is received by the label imager’s microprocessor 80,
which controls the operation of the CCD camera 50 and
other components, and the interface with the data terminal
circuitry 75. After the start signal is received by the imager
microprocessor 80, the label imager captures the label
information indicia and provides the digital image data to
the decoder 34. After the image data is decoded, the label
imager provides a response to the data terminal circuitry 75
in the form of serial data. If the label capture and decode
operations are successful, the label imager provides the
decoded label data to the data terminal circuitry, where the
label data is then used and/or stored in conjunction with
other related shipping data. If the image capture and decode
operations are not successful, the label imager 15 will return
an error code to the data terminal circuitry 75.

The preferred imager microprocessor 80 is a type 87C51,
manufactured by Signetics. The imager microprocessor 80
includes 4 Kbytes of internal read only memory (ROM) for
application code storage. The imager also includes random
access memory (RAM) 90 for data storage, including stor-
age of digitized camera data and decoded label data. The
preferred RAM 90 is a type HM628512 static RAM, manu-
factured by Hitachi. The RAM 90 provides 512 Kbytes of
storage. A type EPM7032 static RAM (SRAM) controller
95, manufactured by Altera, is used to interface the imager
microprocessor 80 to the RAM 90.

In the preferred label imager 15, the CCD camera 50 is a
type CCB-M37CE CCD camera, manufactured by Sony
Corporation. The CCD camera includes a 7.5 millimeter
(mm) lens, which provides a wide field of view of approxi-
mately 53° (horizontal) by 41° (vertical). The size of the
image is 4.89 mm (H) by 3.64 mm (V). The object distance
for ideal focus is 149 mm. At this distance, the camera has
a field of view of approximately 141 mm (H) by 105 mm (V)
(5.54"x4.13"). A fixed aperture of /8 provides a depth of
field of approximately +50 mm.

In addition to the focusing optics, the camera includes a
narrow band pass filter that is spectrally matched to the

10

15

20

25

30

35

40

45

50

55

60

65

8

wavelength of the illumination LEDs. A similar filter is
positioned in front of the light sensor. Those skilled in the art
will appreciate that the band pass filters allow the camera
and light sensor to filter out most of the ambient light while
remaining sensitive to the light used to illuminate the target
label. Due to decreased light transmission for off-axis light
rays, which is characteristic of narrow band pass filters,
pixel values would have to be weighted during the decode
process in order to compensate for the decreased image
brightness around the field of view of the image. Those
skilled in the art will understand that the necessary pixel
weighting can be accomplished in the software that imple-
ments the digital image data decoding algorithm.

The CCD camera 50 uses a single field of a high resolu-
tion CCIR format CCD imaging array. The CCD camera
provides an image field of 752 (H) by 291 (V) pixels, with
each pixel measuring approximately 6.5 microns (H) by 12.5
microns (V). This provides a resolution in the object plane
of 136.5 dpi (H) by 70 dpi (V) at the ideal focusing distance
of 149 mm. The resolution at angles other than vertical or
horizontal are the vector sums of the vertical and horizontal
resolutions. In order to decode a label with elements mea-
suring 15 mils, the resolution must be at least 100 dpi.
Therefore, the preferred CCD camera 50 will provide
adequate resolution when the horizontal axis of the label is
within 62.4° of the horizontal axis of the camera.

The CCD camera 50 is connected the imager micropro-
cessor 80 in a manner known to those skilled in the art. The
connections between the imager microprocessor 80 and
CCD camera 50 allow the imager microprocessor to receive
timing signals, such as a vertical synchronization signal,
from the CCD camera. The connections also allow the
imager microprocessor to control various camera
parameters, such as the electronic shutter speed. The analog
video output signal from the CCD camera 50 is provided to
an analog-to-digital (AID) converter 100, which, in the
preferred label imager, is a type BT252, manufactured by
Brooktree. The digitized video data from the A/D converter
is then stored in the RAM 90, where it is available to be
decoded by the decoder 34. The operation of the CCD
camera 50, and the interaction between the CCD camera and
the imager microprocessor is described more completely
below in conjunction with FIG. 6.

IMlumination for the CCD camera 50 is provided by an
array consisting of 188 light emitting diodes 55. The pre-
ferred illumination LEDs 55 are type HLMP-8100, manu-
factured by Hewlett-Packard. The light emitted by the
illumination LEDs is deep red, with a wavelength of
approximately 650 nanometers (nm). This wavelength is
preferred because the ink used to print most labels is chosen
to work with laser bar code scanners whose wavelengths lie
between 630 nm and 680 nm. In addition, the human eye is
much less sensitive to these wavelengths and a burst of deep
red light is perceived to be much dimmer than a burst of
white light of the same energy. Red light also has less effect
on the night vision of the user.

Alternatively, the illumination may be provided by as few
as 16 illumination LEDs that are configured to form a ring
around the CCD camera’s lens. In this configuration, a
suitable dispersing lens is needed to ensure that the target
label area is adequately illuminated. A suitable circular LED
configuration and dispersing lens are described below in
conjunction with FIGS. 11A and 11B.

FIG. § illustrates the preferred circuitry for driving the
illumination LEDs 55. In the preferred label imager 15, the
illumination LEDs 55 are mounted on the top printed circuit
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board, along with current limiting resistors 103. The illumi-
nation LEDs 55 are controlled by the imager microprocessor
80 via the LED driver 105, which includes a field effect
transistor (FET) 107 and associated circuitry. The preferred
FET 107 is a type IRFF130 MOSFET, manufactured by
International Rectifier. When the FET 107 is turned on by
the imager microprocessor, it provides a large amount of
current to the LEDs 55 from the battery and two 4700 uF
charge capacitors 109. The charge capacitors 109 help
maintain a steady supply voltage while the LEDs are on.

To ensure that the user aims the data terminal 10 so that
the target label is located within the CCD camera’s field of
view, marker LEDs 60 are used to provide aiming indicia
that are projected onto the surface that contains the label.
The preferred marker LEDs 60 are type HLMP-8103, manu-
factured by Hewlett-Packard. Four marker LEDs are located
at the corners of the illumination LED array. The marker
LEDs project spots that correspond to the corners of the
camera’s field of view. The light emitted by the marker
LEDs is bright red, with a wavelength of 650 nm. The
marker LEDs provide four spots on the label. The spots
delineate the boundaries of the rectangular image plane.
Like the illumination LEDs 55, the marker LEDs 60 are
controlled by the imager microprocessor 80, and are con-
nected to the imager microprocessor via LED driver 110.

The position sensing device 65 is used to ensure that the
label image is captured when the label is within the CCD
camera’s depth of field. The preferred position sensing
device 65 is a type GP2DO02 infrared range finder, manu-
factured by Sharp. The range finder 65, which is controlled
by the imager microprocessor 80, includes an emitter 66 and
detector 67. When the range finder receives a synchroniza-
tion signal from the imager microprocessor, the emitter
emits a burst of infrared light. The receiver detects the
incident angle of the infrared light that is reflected from the
target surface, and calculates the distance using a triangu-
lation scheme technique. The range finder then provides
digital distance data to the imager microprocessor. The
interaction between the range finder and the other compo-
nents is described below in conjunction with FIG. 6.

The imager microprocessor 80 determines the proper
shutter speed for the CCD camera 50 in response to light
measurements provided by the light sensor 70. The preferred
light sensor 70 is a type TSL250 flash sensor, manufactured
by Texas Instruments. The light sensor provides an output
voltage that is directly proportional to the amount of light
detected by the light sensor. Before output of the light sensor
is provided to the imager microprocessor, it is passed
through a integrator/comparator 115. The preferred
integrator/comparator includes a type TLC272 integrator,
manufactured by Texas Instruments, and a type L.M393
comparator manufactured by National Semiconductor. The
integrator/comparator takes the light sensor’s output voltage
and integrates it over a fixed amount of time, which is
typically 1 millisecond (msec). The exposure is represented
by the product of the voltage and time. The interaction
between the light sensor 70 and imager microprocessor 80 is
described more completely below in conjunction with FIG.
6.

The decoder 34 includes a decode microprocessor 120
and an electronically erasable programmable read only
memory (EPROM) 125. The decode microprocessor 120 is
a type R3081 microprocessor, manufactured by Integrated
Device Technologies. The EPROM 125 is a type
AT291.V010-20TC EPROM, manufactured by Atmel.

The RAM 90 is shared by the imager microprocessor 80
and the decode microprocessor 120. Accordingly, the decode
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microprocessor 120 is connected to the RAM 90 and SRAM
controller 95 so that it is able to read data from and write
data to the RAM 90. More particularly, the decode micro-
processor 120 reads the stored digital image data from the
RAM and decodes the digital image data to provide decoded
data. The decode algorithm that is applied by the decode
microprocessor is stored in the EPROM 125.

The decode microprocessor 120 is also connected to the
imager microprocessor 80 so that they communicate with
each other via serial data. This allows the imager micropro-
cessor 80 to signal the decode microprocessor 120 when the
digital image data has been stored in the RAM 90. After the
decoder decodes the image data, the serial data interface
between the microprocessors is used to allow the decode
microprocessor 120 to transmit the decoded data to the
imager microprocessor 80. The imager microprocessor also
controls circuitry (not shown) that controls the supply of
power to the decode microprocessor. In order to conserve
battery power, power is applied to the decode microproces-
sor 120 only when image data is being decoded.

Those skilled in the art will understand that from time to
time it may be necessary or advantageous to update the code
contained in the EPROM 125. For example, the decode
algorithm may be updated to provide improved decoding
algorithms as they are developed. In the preferred data
terminal, the serial interface between the imager micropro-
cessor and the decode microprocessor are used in conjunc-
tion with the shared RAM 90 to update or reprogram the
EPROM 125. This is accomplished by providing the appro-
priate command and data to the data terminal via the
terminal’s serial port. The data terminal circuitry 75 passes
the new program data to the image microprocessor 80,
which stores the data in the shared RAM 90. After ensuring
the accuracy of the program data, the imager microprocessor
indicates to the decode microprocessor that the EPROM is
to be reprogrammed and that the new program data is
available in the RAM at a specified address. The decode
microprocessor then applies the required signal to erase the
EPROM, and reprograms the EPROM using the data from
the RAM.

The preferred method of operating the label imager 15 is
illustrated in the flow chart of FIG. 6. Those skilled in the art
will understand that the preferred method 150 is imple-
mented as program code for the imager microprocessor 80.
The program code is stored in the microprocessor’s built-in
EPROM.

The method 150 begins at step 155 when the label
imager’s microprocessor 80 receives a start signal from the
data terminal circuitry. After the imager microprocessor 80
receives the start signal from the data terminal circuitry, the
method proceeds to step 160, where the imager micropro-
cessor activates the marker LEDs 60. As described above,
the marker LEDs provide visible aiming indicia that allow
the user to aim the camera at the information indicia on the
target label.

At step 165, the imager microprocessor polls the position
sensing device 65 to determine whether the surface at which
the camera is aimed is within the camera depth of field. This
is accomplished by sending a synchronization signal to the
infrared range finder. The range finder then determines the
distance to the surface and returns digital distance data to the
imager microprocessor. At step 170, the imager micropro-
cessor determines whether the digital distance data from the
position sensing device indicates that the label is within a
predetermined range of distances. If not, the method returns
to step 165 and again polls the position sensing device.
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If the label is within the CCD camera’s depth of field, the
method proceeds to step 175, where the imager micropro-
cessor deactivates the marker LEDs. Those skilled in the art
will appreciate that the marker LEDs and position sensing
device are used in conjunction with each other to ensure that
the camera is aimed at the proper portion of the label, and
that the label is within the camera’s depth of field. If either
condition is not satisfied, the attempt to read and decode the
information indicia will be unsuccessful.

After the marker LEDs are deactivated, the imager micro-
processor determines the proper shutter speed for the CCD
camera by measuring the amount of light reflected from the
label. At step 180, the imager microprocessor activates the
illumination LEDs 55. At step 185, the imager micropro-
cessor measures the voltage from the light sensor 70. The
light sensor voltage, which corresponds to the amount of
light reflected from the label surface to the CCD camera, is
then used by the imager microprocessor to determine the
proper shutter speed. Those skilled in the art will understand
that the light measured by the light sensor includes ambient
light and light from the illumination LEDs. Once the light
sensor is read, the method proceeds to step 190, where the
imager microprocessor deactivates the illumination LEDs.
In the preferred label imager, the steps of activating illumi-
nation LEDs, measuring light sensor voltage, and deactivat-
ing illumination LEDs takes approximately 1 msec.

At step 195, the imager microprocessor uses the output
voltage from the light sensor to determine the correct shutter
speed for the CCD camera. Those skilled in the art will
appreciate that this may be accomplished by using a pre-
programmed look up table, or by using a known equation. In
the preferred imager, the imager microprocessor uses the
following equation to determine the correct shutter speed:

EXPOSURE=VOLTAGExSHUTTER SPEED

In this equation, the exposure is a constant that has been
determined to provide a suitable exposure. The shutter speed
will be no less than 0.1 msec in order to minimize CCD
smear. Likewise, the shutter speed will be no greater than 4.0
msec in order to sufficiently minimize blur resulting from a
moving label or shaking data terminal. After the shutter
speed is determined, the method proceeds to capture the
label image.

As mentioned above, in an alternative embodiment, the
amount of reflected light can be determined by using the
CCD camera to take a preliminary exposure of the label
image. The captured image data is analyzed by the imager
microprocessor in order to determine the shutter speed that
will result in the label image being properly exposed.

At step 200, the imager microprocessor begins the expo-
sure that will capture the label image. Those skilled in the art
will understand that the exposure must be coordinated with
timing signals generated by the CCD camera. After the
imager microprocessor detects the occurrence of the appro-
priate vertical synchronization signal, the imager micropro-
cessor delays for a period of time equal to (20 msec—shutter
speed). At that time, the illumination LEDs are turned on and
the exposure begins.

After the exposure time, which equals the shutter speed,
has elapsed, the method proceeds to step 205, where the
imager microprocessor ends the exposure and turns off the
illumination LEDs. At that point the method advances to
step 210, where the analog pixel data from the CCD camera
is digitized by the A/D converter 100. The digital image data
from the A/D converter 100 is stored in the RAM 90, where
it is available to be decoded by the decoder 34. The imager
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microprocessor 80 signals the decode microprocessor 120 to
indicate that the digital image data has been stored in the
RAM.

At step 215, the imager microprocessor 80 waits while the
decode microprocessor 120 decodes the digital image data
that is stored in the RAM 90. The decode microprocessor
begins the process of decoding the digital data after it
receives a signal from the imager microprocessor 80. This
signal is provided via the serial data interface that connects
the imager and decode microprocessors.

The decoding of the stored digital image data is accom-
plished by applying a stored decoding algorithm to the
digital image data. Those skilled in the art will appreciate
that the decoding algorithm must be designed for the par-
ticular information indicia that was captured by the CCD
camera. Therefore, if the label imager is to be used to read
bar codes, the appropriate bar code decoding algorithm must
be stored in the decoder’s EPROM 125. Likewise, if the data
terminal will be used in conjunction with package bearing
two-dimensional symbologies, the appropriate decoding
algorithm must be provided in the decoder. Those skilled in
the art will appreciate that the information indicia captured
by the CCD camera are not limited to bar codes and
two-dimensional symbologies, but may also include printed
or hand-written text that is readable by optical character
recognition (OCR) techniques. It is possible to provide a
plurality of decoding algorithms so that the data terminal can
be used to read and decode any of a wide variety of various
information indicia.

Those skilled in the art will also appreciate that several
steps may be required to decode the digital image data. For
example, the decode algorithm will first need to determine
whether the captured image includes a recognizable type of
information indicia. If so, the algorithm may need to deter-
mine the orientation of the information indicia, and, if
necessary, rotate the data to align the information indicia
with a desired axis. After all the necessary steps are accom-
plished and the digital image data is decoded, the decoded
data is transmitted to the imager microprocessor 80 from the
decoder 34 via the serial data interface that connects the
imager and decode microprocessors, and the method pro-
ceeds to step 220.

At step 220, the imager microprocessor 80 outputs the
decoded image data to the data terminal circuitry. As
described above, the decoded output data is provided in the
form of serial data. If, for some reason, the decode micro-
processor 120 is unable to detect and decode a label infor-
mation indicia in the captured image, the imager micropro-
cessor 80 will provide an error code to the data terminal
circuitry at step 220. Those skilled in the art will understand
that the label imager 15 and decoder 34 may be unable to
detect and decode an information indicia for a variety of
reasons, including the camera was not aimed at the appro-
priate part of a label, the label was not within the camera’s
depth of field, and the decoder was not programmed to
decode the particular label information indicia that was
captured by the imager.

After the decoded image data or error code is provided at
step 220, the method 150 returns to the idle state until
another start signal is received from the data terminal
circuitry.

FIG. 7 is a top plan view of the package 30 showing the
aiming indicia 250 that are provided by the marker LEDs 60.
The top surface of the package 30 includes a label 25 having
a two-dimensional code 20 and alphanumeric characters 32
printed thereon. The preferred aiming indicia include four
bright spots projected by the four marker LEDs. The aiming












