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(57) ABSTRACT 

A produce data collector and produce recognition system 
which illuminates a produce item with substantially uniform 
light to enhance the accuracy of collected produce data and 
subsequent identi?cation of the produce item as part of a 
transaction in a transaction establishment. The produce data 
collector includes a light source for illuminating the produce 
item with substantially uniform light during the transaction, 
a light separating element for splitting light collected from 
the produce item into a plurality of different light portions 
having different wavelengths, a detector for converting 
energy in the plurality of light portions into a plurality of 
electrical signals, and control circuitry which digitiZes the 
plurality of electrical signals to produce a digital spectrum 
from the produce item which contains information to iden 
tify the produce item for the purpose of determining its unit 
price. 
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LINEAR VARIABLE FILTER SPECTROMETER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present invention is related to the following 
commonly assigned and co-pending US. application: 

[0002] “An Item Checkout Device Including A Bar Code 
Data Collector And A Produce Data Collector”, 
?led , 1998, invented by Collins, and having a Ser. 
No. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to product checkout 
devices and more speci?cally to a produce data collector and 
a produce recognition system. 

[0004] Bar code readers are Well knoWn for their useful 
ness in retail checkout and inventory control. Bar code 
readers are capable of identifying and recording most items 
during a typical transaction since most items are labeled 
With bar codes. 

[0005] Items Which are typically not identi?ed and 
recorded by a bar code reader are produce items, since 
produce items are typically not labeled With bar codes. Bar 
code readers may include a scale for Weighing produce items 
to assist in determining the price of such items. But identi 
?cation of produce items is still a task for the checkout 
operator, Who must identify a produce item and then manu 
ally enter an item identi?cation code. Operator identi?cation 
methods are sloW and inef?cient because they typically 
involve a visual comparison of a produce item With pictures 
of produce items, or a lookup of text in table. Operator 
identi?cation methods are also prone to error, on the order 
of ?fteen percent. 

[0006] Therefore, it Would be desirable to provide a pro 
duce recognition system Which can minimize operator 
involvement in produce identi?cation and entry into a trans 
action. 

SUMMARY OF THE INVENTION 

[0007] In accordance With the teachings of the present 
invention, a produce data collector is provided. 

[0008] The produce data collector includes a light source 
for substantially uniformly illuminating the produce item 
With light during the transaction, a light separating element 
for splitting light collected from the produce item into a 
plurality of different light portions having different Wave 
lengths, a detector for converting energy in the plurality of 
light portions into a plurality of electrical signals, and 
control circuitry Which digitiZes the plurality of electrical 
signals to produce a digital spectrum from the produce item 
Which contains information to identify the produce item for 
the purpose of determining its unit price. 

[0009] It is a feature of the present invention that the 
produce data collector provides substantial uniformity in 
both spectrum and luminosity across a sample collecting 
WindoW, Without the use of complicated optical devices. 

[0010] It is accordingly an object of the present invention 
to provide a produce data collector and system. 
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[0011] It is another object of the present invention to 
provide a produce data collector Which is light in Weight and 
inexpensive. 

[0012] It is another object of the present invention to 
provide a produce data collector Which digitiZes a color 
spectrum for a produce item. 

[0013] It is another object of the present invention to 
provide a produce recognition system Which compares digi 
tiZed produce color spectra from a produce data collector 
With historical reference spectra. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Additional bene?ts and advantages of the present 
invention Will become apparent to those skilled in the art to 
Which this invention relates from the subsequent description 
of the preferred embodiments and the appended claims, 
taken in conjunction With the accompanying draWings, in 
Which: 

[0015] FIG. 1 is a block diagram of a transaction process 
ing system including the produce data collector of the 
present invention; 

[0016] FIG. 2 is a block diagram of the produce data 
collector; 

[0017] FIG. 3 is an exploded vieW of the produce data 
collector; 

[0018] FIG. 4 is an exploded vieW of the optical compo 
nents of the produce data collector; 

[0019] FIG. 5 is a top vieW of the assembled optical 
components of the produce data collector; 

[0020] FIG. 6 is a side vieW of the assembled optical 
components of the produce data collector. 

[0021] FIG. 7 is a perspective vieW of an alternate turning 
mirror design; and 

[0022] FIGS. 8A and 8B illustrate an electromechanical 
shutter arrangement. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0023] Referring noW to FIG. 1, transaction processing 
system 10 includes bar code data collector 12, produce data 
collector 14, and scale 16. 

[0024] Bar code data collector 12 reads bar code 22 on 
merchandise item 32 to obtain an item identi?cation number, 
also knoW as a price look-up (PLU) number, associated With 
item 32. Bar code data collector 12 may be any bar code data 
collector, including an optical bar code scanner Which uses 
laser beams to read bar codes. Bar code data collector 12 
may be located Within a checkout counter or mounted on top 
of a checkout counter. 

[0025] Produce data collector 14 collects data for a pro 
duce item 18 or any other non-barcoded merchandise item. 
Such data may include color and color distribution data, siZe 
data, shape data, surface texture data, and aromatic data. 
Reference produce data is collected and stored Within pro 
duce data ?le 30. During a transaction, operation of produce 
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data collector 14 may be initiated by placement of produce 
item 18 on scale 16 or in by operator-initiated commands 
from transaction terminal 20. 

[0026] Scale 16 determines a Weight for produce item 18. 
Scale 16 Works in connection With bar code data collector 
12, but may be designed to operate and be mounted sepa 
rately. Scale 16 sends Weight information for produce item 
18 to transaction terminal 20 so that transaction terminal 20 
can determine a price for produce item 18 based upon the 
Weight information. 

[0027] Bar code data collector 12 and produce data col 
lector 14 operate separately from each other, but may be 
integrated together. Bar code data collector 12 Works in 
conjunction With transaction terminal 20 and transaction 
server 24. 

[0028] In the case of bar coded items, transaction terminal 
20 obtains the item identi?cation number from bar code data 
collector 12 and retrieves a corresponding price from PLU 
data ?le 28 through transaction server 24. 

[0029] In the case of non-bar coded produce items, trans 
action terminal 20 eXecutes produce recognition softWare 21 
Which obtains produce characteristics from produce data 
collector 14, identi?es produce item 18 by comparing pro 
duce data in produce data ?le 30 With collected produce 
data, retrieves an item identi?cation number from produce 
data ?le 30 and a corresponding price from PLU data ?le 28. 

[0030] In an alternative embodiment, identi?cation of 
produce item 18 may be handled by transaction server 24. 
Transaction server 24 receives collected produce character 
istics and compares them With produce data in produce data 
?le 30. FolloWing identi?cation, transaction server 24 
obtains a price for produce item 18 and forWards it to 
transaction terminal 20. 

[0031] PLU data ?le 28 and produce data ?le 30 are stored 
Within storage medium 26, but either may also be located 
instead at transaction terminal 20, or bar code data collector 
12. 

[0032] To assist in proper identi?cation of produce items, 
produce recognition softWare 21 may additionally display 
candidate produce items for operator veri?cation. Produce 
recognition softWare 21 preferably arranges the candidate 
produce items in terms of probability of match and displays 
them as teXt and/or color images on an operator display of 
transaction terminal 20. The operator may accept the most 
likely candidate returned by or override it With a different 
choice. 

[0033] Turning noW to FIG. 2, produce data collector 14 
primarily includes light source 40, spectrometer 51, control 
circuitry 56, transparent WindoW 60, auXiliary transparent 
WindoW 61, housing 62, and shutter 63. Produce data 
collector 14 may additionally include color balancing ?lter 
42, light source sensor 44, and ambient light sensor 46. 

[0034] Light source 40 produces light 70. Light source 40 
preferably produces a White light spectral distribution, and 
preferably has a range from four hundred 400 nm to 700 nm, 
Which corresponds to the visible Wavelength region of light. 

[0035] Light source 40 preferably includes one or more 
light emitting diodes (LEDs). A broad-spectrum White light 
producing LED, such as the one manufactured by Nichia 
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Chemical Industries, Ltd., is preferably employed because 
of its long life, loW poWer consumption, fast turn-on time, 
loW operating temperature, good directivity. Alternate 
embodiments include additional LEDs having different col 
ors in narroWer Wavelength ranges and Which are preferably 
used in combination With the broad-spectrum White light 
LED to even out variations in the spectral distribution and 
supplement the spectrum of the broad-spectrum White light 
LED. Feedback from light source sensor 44 may addition 
ally be employed by control circuitry 56 to adjust desired 
intensity levels by varying the drive current to the LEDs. 
Use of these techniques may remove the necessity to use 
color balancing ?lter 42, thereby reducing cost, easing 
packaging constraints, and improving mechanical reliability. 

[0036] Other types of light sources 40 are also envisioned 
by the present invention, although they may be less advan 
tageous than the broad spectrum White LED. For eXample, 
a tungsten-halogen light may be used because of its broad 
spectrum, but produces more heat and optimally requires 
color balancing ?lter 42. 

[0037] A plurality of different-colored LEDs having dif 
ferent non-overlapping Wavelength ranges may be 
employed, but may provide less than desirable collector 
performance if gaps eXist in the overall spectral distribution. 

[0038] Color balancing ?lter 42 balances spectral through 
put and increases the system signal-to-noise ratio When 
using light sources Which alone or in combination With other 
light sources fail to produce a broad range of intensities 
across the entire spectral distribution. Color balancing ?lter 
42 is designed to take into account the fact that system 
spectral throughput or intensity Will not be equal for all 
Wavelengths of light due to the intrinsic nature of light 
source 40, light separating element 52, and photodetector 
array 54. In designing color balancing ?lter 42, the spectral 
emissivity of light source 40, the spectral transmissivity of 
light separating element 52, and spectral responsivity of 
photodetector array 54 are all considered. 

[0039] When employed, color balancing ?lter 42 prefer 
ably includes an absorptive glass ?lter or a thin-?lm ?lter on 
a glass substrate or a combination of absorptive and inter 
ference ?lters. Light 72 from color balancing ?lter 42 passes 
through WindoWs 60 and 61 to illuminate produce item 18. 

[0040] Light source sensor 44 monitors the spectrum of 
light 72 for changes in light source intensity and stability, 
Which Would adversely affect the operation of produce data 
collector 14. Light source sensor 44 includes one or more 
photodiodes and may include a bandpass ?lter to monitor 
only a portion of the emitted spectrum. Light source sensor 
44 may also include light source current and voltage moni 
tors for monitoring light source 40 for stability. Output 
signals 86 are processed by control circuitry 56. Light source 
sensor 44 could be mounted anyWhere Within the direct line 
of sight of light source 40 and can monitor light source 40 
directly, instead of monitoring ?ltered light from color 
balancing ?lter 42. In the preferred embodiment, light 
source sensor 44 looks doWn at light source 40. 

[0041] Ambient light sensor 46 senses the level of ambient 
light through WindoWs 60 and 61 and sends ambient light 
level signals 88 to control circuitry 56. Ambient light sensor 
46 is mounted anyWhere Within a direct vieW of WindoW 61. 
In the preferred embodiment, light source sensor 44 looks 
doWn at light source 40. 



US 2002/0020748 A1 

[0042] Spectrometer 51 includes light separating element 
52, photodetector array 54. 

[0043] Light separating element 52 splits light 76 in the 
preferred embodiment into light 80 of a continuous band of 
Wavelengths. Light separating element 52 is preferably a 
linear variable ?lter (LVF), such as the one manufactured 
Optical Coating Laboratory, Inc., or may be any other 
functionally equivalent component, such as a prism or a 
grating. 

[0044] Photodetector array 54 produces Waveform signals 
82 containing spectral data. The pixels of the array spatially 
sample the continuous band of Wavelengths produced by 
light separating element 52, and produce a set of discrete 
signal levels. Photodetector array 54 is preferably a com 
plimentary metal oxide semiconductor (CMOS) array, but 
could be a Charge Coupled Device (CCD) array. 

[0045] Control circuitry 56 controls operation of produce 
data collector 14 and produces digitiZed produce data Wave 
form signals 84. For this purpose, control circuitry 56 
includes an analog-to-digital converter. A tWelve bit 
A/D converter With a sampling rate of 22-44 kHZ produces 
acceptable results. 

[0046] Control circuitry 56 also receives signals from light 
source sensor 44 and ambient light sensor 46. In response to 
changes in light source monitor output signals 86, control 
circuitry 56 compensates for the changes and/or alerts an 
operator of transaction terminal 20. 

[0047] In response to ambient light level signals 88, con 
trol circuitry 56 Waits for ambient light levels to fall to a 
minimum level (dark state) before turning on light source 
40. Ambient light levels fall to a minimum level When 
produce item 18 covers WindoW 60. After control circuitry 
56 has received Waveform signals 82 containing produce 
data, control circuitry 56 turns off light source 40 and Waits 
for ambient light levels to increase before returning to 
Waiting for the dark state. Ambient light levels increase after 
produce item 18 is removed from WindoW 60. 

[0048] Control circuitry 56 controls shutter 63. Control 
circuitry 56 opens shutter 63 When it detects placement of 
produce item 18 over WindoW 60. Control circuitry 56 closes 
shutter 63 When it fails to detect placement of produce item 
18 over WindoW 60. 

[0049] Control circuitry 56 establishes periodic reference 
readings. Reference readings are desirable since component 
aging, dirt, and temperature and voltage changes may cause 
inaccuracies in collected produce data if signi?cant. Control 
circuitry 56 may take as many readings as necessary. For 
example, control circuitry 56 may take ten reference read 
ings per second, or one reference reading for each produce 
item, or ?ve times a day. 

[0050] Housing 62 contains light source 40, color balanc 
ing ?lter 42, light source sensor 44, ambient light sensor 46, 
stray light baffle 96, light separating element 52, photode 
tector array 54, control circuitry 56, and auxiliary transpar 
ent WindoW 61. Housing 62 additionally contains transpar 
ent WindoW 60 When produce data collector 14 is a self 
contained unit. When produce data collector 14 is mounted 
Within the housing of a combination bar code reader and 
scale, WindoW 60 may be located in a scale Weigh plate 
instead. 
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[0051] Transparent WindoW 60 is mounted above auxiliary 
transparent WindoW 61. WindoWs 60 and 61 include an 
anti-re?ective surface coating to prevent light 72 re?ected 
from WindoWs 60 and 61 from contaminating re?ected light 
74. 

[0052] Housing 62 is approximately ?ve and a half inches 
in length by tWo and three quarters inches in Width by one 
and three quarters inches in height. 

[0053] WindoWs 60 and 61 may be rectangular, elliptical, 
and circular, instead of square. WindoWs 60 and 61 are about 
three quarters inches in Width and length (square) or diam 
eter (circular). 

[0054] WindoW siZe affects the siZe of produce data col 
lector 14. In order to minimiZe the angle of light re?ected off 
of produce item 18 and received at light separating element 
52, While maintaining as large of an output WindoW as 
possible (in order to provide as a large of a sample area as 
possible) a minimum distance of approximately ?ve inches 
is needed betWeen WindoW 60 and light separating element 
52. If WindoW 60 is reduced in diameter, thereby reducing 
the sampled area on produce item 18, the distance betWeen 
object 18 and light separating element 52 can be reduced, 
keeping the angle the same. 

[0055] Shutter 63 is mounted beloW transparent WindoW 
61. Shutter 63 may include a polymer dispersed liquid 
crystal (PDLC) or a motor-driven door (FIGS. 8A-8B) 
mounted to the underside of the top Wall of housing 62. 

[0056] The PDLC shutter alloWs about ?fteen percent of 
ambient light to pass through it When de-energiZed. Produce 
data collector 14 takes reference illumination readings With 
the PDLC shutter energiZed and de-energiZed. When pro 
duce item 18 is placed over WindoW 60, control circuitry 56 
energiZes the PDLC shutter, alloWing about eighty-?ve 
percent of light 72 and eighty-?ve percent of light 74 to pass 
through it. 

[0057] The motor-driven shutter includes a milky-White 
optically opaque screen With a White (or gray) diffusively 
re?ecting surface facing doWn toWards detector 54. This 
surface serves as an internal reference for system calibration. 
The screen is moved to an open position and a closed 
position by a motor. Control circuitry 56 controls the motor. 

[0058] When closed for taking reference readings, the 
motor-driven shutter prevents substantially all ambient light 
from passing through While re?ecting about eighty-?ve 
percent of light 72. When open for taking reference readings 
or recogniZing produce item 18, the motor-driven shutter 
alloWs substantially all of light 72 and 74 to pass through, as 
Well as substantially all ambient light. 

[0059] Operation of produce data collector 14 is auto 
matic. An operator places produce item 18 on WindoW 60. 
Control circuitry 56 senses loW level ambient signals 88 and 
turns on light source 40. Light separating element 52 sepa 
rates re?ected light 74 into different Wavelengths to produce 
light 80 of a continues band of Wavelengths. Photodetector 
array 54 produces Waveform signals 82 containing produce 
data. Control circuitry 56 produces digitiZed produce data 
signals 84 Which it sends to transaction terminal 20. Control 
circuitry 56 turns off light source 40 and Waits for ambient 
light levels to increase before returning to Waiting for the 
dark state. Control circuitry additionally monitors light 
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source monitor output signals 86 for changes and compen 
sates and/or alerts an operator of transaction terminal 20. 

[0060] Advantageously, produce data collector 14 cap 
tures image data in about tWo tenths of a second, Well Within 
normal produce handling time. 

[0061] Transaction terminal 20 uses produce data in digi 
tiZed produce data signals 84 to identify produce item 18. 
Here, produce data consists of digitiZed Waveforms Which 
transaction terminal 20 compares to a library of digitiZed 
Waveforms stored Within produce data ?le 30. After identi 
?cation, transaction terminal 20 obtains a unit price from 
PLU data ?le 28 and a Weight from scale 16 in order to 
calculate a total cost of produce item 18. Transaction ter 
minal 20 enters the total cost into the transaction. 

[0062] With reference to FIGS. 3-6, produce data collector 
14 is shoWn in further detail. 

[0063] Produce data collector 14 additionally includes 
printed circuit board 90, light source assembly 92, turning 
mirror 94, stray light baf?e 96, and turning mirror 98. 

[0064] Printed circuit board 90 contains control circuitry 
56 and forms a base for mounting color balancing ?lter 42, 
light source sensor 44, ambient light sensor 46, mount 49, 
light separating element 52, photodetector array 54, light 
source assembly 92, turning mirror 94, stray light baf?e 96, 
and turning mirror 98. Printed circuit board 90 fastens to 
housing 62. Printed circuit board 90 serves as a carrier for 
all of the active components in this system, thus When it is 
manufactured and tested, the entire system can be tested by 
testing printed circuit board 90. 

[0065] Light source assembly 92 includes light source 40, 
loWer light source mount 100, and upper light source mount 
102. 

[0066] Light source 40 preferably includes a number of 
White LEDs Which are arranged close to WindoW 60 and in 
direct line of sight of WindoW 60. Light source mount 92 is 
designed such that each individual LED is pointed at the top 
surface of WindoW 60 so that there is uniform luminosity 
over the entire top surface of WindoW 60 for illuminating 
produce item 18. In the preferred embodiment, the LEDs are 
all aimed at the center of WindoW 60 and oriented at an angle 
of about 31.75 degrees. The LEDs are located at a distance 
of about 1.657 inches from the center of WindoW 60, and 
1.075 inches from the center of light source assembly 92. 

[0067] The preferred embodiment provides uniformity in 
both spectrum and luminosity. Since it is highly desirable to 
avoid using complicated optical devices, such as lens sys 
tems and light pipes, for simplicity, the preferred embodi 
ment envisions arrangements of multiple LEDs. The LEDs 
are spectrally matched in groups, and their placement and 
orientation achieves optimal uniformity in both spectrum 
and luminosity across the illuminated surface area. 

[0068] To achieve uniformity in both spectrum and lumi 
nosity With multiple LEDs, the LED samples are ?rst sorted 
into spectrally matched groups by computing and analyZing 
the matrices of linear correlation coef?cients. The direct 
illumination from LEDs in a matched group Will have a 
uniform spectrum regardless of their positions and beam 
orientations. 

[0069] Second, LED positions and beam orientations are 
arranged to achieve uniform luminosity. If higher luminosity 
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is needed to achieve adequate signal level, multiple groups 
can be used. The total illumination from multiple groups Will 
be uniform in both spectrum and luminosity even if the 
spectra from different groups are different. 

[0070] FIG. 4 shoWs siXteen White LEDs arranged in four 
groups of four LEDs on four sides of loWer light source 
mount 100. Other arrangements are also envisioned by the 
present invention, such as tWo or four groups of four and 
eight LEDS. The use of a single White LED is also envi 
sioned because it provides spectral uniformity, providing 
acceptable luminosity across WindoW 60 only if WindoW 60 
is smaller. To achieve higher system ef?ciency, LEDs With 
a narroW, concentrated beam are preferred. 

[0071] LoWer light source mount 100 is generally circular 
in shape. This arrangement supports the LEDs in the pre 
ferred arrangement and orientation. LoWer light source 
mount 100 connects mechanically and electrically to printed 
circuit board 90 and includes terminal connections 104 for 
light sources 40. 

[0072] Upper light source mount 102 is also generally 
circular in shape and connects mechanically in mating 
relationship to loWer light source mount 100. Upper light 
source mount 102 mechanically hold the LEDs in a pre 
ferred orientation for even illumination across the area of 
WindoW 60. Upper light source mount 102 includes gap 103 
Which alloWs re?ected light 74 to be directed to photode 
tector array 54. Upper light source mount 102 further 
includes apertures 106 through Which light sources 40 emit 
light from positions beloW top surface 108. Top surface 108 
angles doWnWardly from outer Wall 110 to inner Wall 112 
perpendicular With the inclination angles of lights sources 
40. 

[0073] Turning mirror 94 routes re?ected light 74 from 
produce item 18 through stray light baf?e 96 toWards turning 
mirror 98. De?ector mirror 94 is mounted at about a 
forty-?ve degree angle on base 114, Which is incorporated 
into upper light source mount 102. Turning mirror 94 is 
preferably substantially planar and has a rectangular shape. 

[0074] Turning mirror 98 directs re?ected light 74 to light 
separating element 52. Turning mirror 98 is mounted at 
about a forty-?ve degree angle on mount 49. In the preferred 
embodiment (FIG. 4), turning mirror 98 is substantially 
planar and has a rectangular shape. 

[0075] Alternate embodiments (FIG. 7), may incorporate 
turning mirrors 94 and 98 that are non-planar, i.e., have one 
or more radii of curvature and/or have the possibility of 
being segmented into multiple sections, each section With 
one or more radii of curvature. 

[0076] In one such alternate embodiment, turning mirror 
98 not only directs re?ected light 74, but also produces 
equalized light of average re?ected illumination by miXing 
re?ected light 74. For this purpose, turning mirror 98 
includes inner concave surface 113 and substantially planar 
textured surface 115. TeXtured surface 115 diffuses and 
scatters re?ected light 74. Inner concave surface 113 con 
verges the scattered light to reduce loss. 

[0077] Alternate turning mirror 98 is made of a molded 
transparent acrylic and is mounted at about a forty-?ve 
degree angle on mount 49. Surface 115 is coated With 
aluminum using an evaporation process. The aluminum is an 
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enhanced aluminum to provide the highest possible re?ec 
tance across the visible spectrum. Enhanced aluminum is 
ninety-seven percent re?ective versus ninety-four percent 
re?ective for regular aluminum coating. 

[0078] All embodiments of mirrors 94 and 98 serve to 
direct light 74 to photodetector array 54. 

[0079] Stray light baf?e 96 mounts directly to printed 
circuit board 90 and helps to minimiZe the amount of light 
from light sources 40 that reaches photodetector array 54 
directly, as Well as any other sources of light other than the 
light re?ected from produce item 18, such as ambient light. 
For this purpose, stray light baf?e 96 includes outer Walls 
118-124, inner Walls 125-132, top Wall 134, and bottom Wall 
136. Outer Walls 118-124 form a generally rectangular 
assembly. Outer Wall 124 is adjacent to upper and loWer 
light source mounts 100 and 102. 

[0080] Walls 118, 120, 122 and 132 de?ne a chamber 
containing turning mirror 98, mount 49, light separating 
element 52, and photodetector array 54. Photodetector array 
54 is mounted directly to printed circuit board 90. Light 
separating element 52 is held Within mount 49, Which rests 
directly upon photodetector array 54. Light separating ele 
ment 52 is held in close proXimity to photodetector array 54. 

[0081] Walls 118-132 cooperate to channel light turning 
mirror 98 through an ever-narroWing tunnel 133. Walls 125, 
126, and 130 are generally U-shaped Walls and provide a 
loWer bound for tunnel 133. Walls 124, 128, and 132 are 
generally inverted U-shaped Walls and provide an upper 
bound for tunnel 133. Tunnel opening 138 at Wall 124 for 
receiving re?ected light 74 from de?ector mirror 94 is larger 
than tunnel opening 140 at Wall 132. Tunnel openings 138 
and 140 are optimally siZed to alloW as much light energy in 
re?ected light 74 as possible to be incident on photodetector 
array 54, While restricting the angles of incidence of 
re?ected light 74 to less than siX degrees. 

[0082] Advantageously, the preferred embodiment 
reduces spectral distortion Without signi?cant loss of 
re?ected light levels. Reduction of spectral distortion is 
particularly important When light separating element 52 is an 
LVF or a dispersing element, such as a prism or a grating. 

[0083] To reduce such spectral distortion, the present 
embodiment reduces the siZe of the ?eld-of-vieW in at least 
tWo Ways. First, light sources 40 are inWardly inclined in 
order to accommodate a smaller siZe for WindoW 60 Without 
signi?cant loss in outgoing light levels. Second, distance 
betWeen WindoW 60 and light separating element 52 is 
increased to an optimum distance, consistent With the fact 
that the angle for light incident upon light separating ele 
ment 52 must be less than siX degrees. If the angle is greater 
than siX degrees then there is unequal attenuation through 
light separating element 52 Which adds error to the system. 
In other Words, produce item 18 Will appear to have different 
spectra characteristics When located at different locations on 
WindoW 60. 

[0084] As an alternate embodiment, a light pipe, or a light 
pipe in combination With a preceding condenser lens, may 
also be used betWeen WindoW 60 and light separating 
element 52 to further reduce the ?eld-of-vieW effect by 
adding distance. 

[0085] A third technique is to shift the LVF center such 
that its longer Wavelength (red) end is closer to the center 
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line of WindoW 60, instead of aligning the LVF center along 
an optical path to the center of WindoW 60. By placing the 
red end closer to the center, average incident angle is 
reduced for the longer Wavelengths. Therefore, the absolute 
Wavelength shift is smaller for longer Wavelengths, While 
the opposite is true for the shorter Wavelengths (the blue 
end). This technique Works regardless of WindoW shape. 

[0086] Advantageously, housing 62 is small in siZe. In 
particular, it is much smaller than other produce data col 
lectors, such as video cameras. Produce data collector 14 is 
even small enough in siZe to be mounted Within an eXisting 
bar code reader or packaged as a light-Weight (less than 
about eight ounces) hand-held unit. 

[0087] Turning noW to FIGS. 8A-8B, electromechanical 
shutter 63 is mounted beloW and adjacent WindoW 61. FIG. 
8A shoWs both housing 62 and printed circuit board 90, 
While FIG. 8B shoWs only printed circuit 90. 

[0088] Shutter 63 includes motor 150 and door 152. Motor 
150 is mounted to printed circuit board 90. Door 152 is 
mounted to the shaft of motor 150. Control circuitry 56 
energiZed motor 150 to place door 152 in an open position 
(FIG. 8A) and a closed position (FIG. 8B). 

[0089] Although the invention has been described With 
particular reference to certain preferred embodiments 
thereof, variations and modi?cations of the present inven 
tion can be effected Within the spirit and scope of the 
folloWing claims. In particular, alternate embodiments may 
be further reduced or enlarged in siZe as WindoW 60 is made 
smaller or larger. Also, the number light source 40 may 
change, but all of these variations are incorporated in the 
scope of present invention and may be considered alterna 
tive embodiments. 

We claim: 
1. Aproduce data collector for processing a produce item 

as part of a transaction in a transaction establishment com 
prising: 

a light source for illuminating the produce item With 
substantially uniform light during the transaction; 

a light separating element for splitting light collected from 
the produce item into a plurality of different light 
portions having different Wavelengths; 

a detector for converting energy in the plurality of light 
portions into a plurality of electrical signals; and 

control circuitry Which digitiZes the plurality of electrical 
signals to produce a digital spectrum from the produce 
item Which contains information to identify the produce 
item for the purpose of determining its unit price. 

2. The produce data collector as recited in claim 1, 
Wherein the light source comprises: 

a halogen light. 
3. The produce data collector as recited in claim 1, 

Wherein the light source comprises: 

a light emitting diode (LED) Which produces substantially 
White light. 

4. The produce data collector as recited in claim 1, 
Wherein the light source comprises: 

a plurality of LEDs Which collectively provide substan 
tially White light. 
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5. The produce data collector as recited in claim 1, 
Wherein the light source comprises: 

a plurality of matched LEDs Which collectively provide 
substantially White light. 

6. The produce data collector as recited in claim 1, 
Wherein the light source provides uniform spectral illumi 
nation across a sampled portion of the produce item. 

7. The produce data collector as recited in claim 1, 
Wherein the light source provides uniform luminosity illu 
mination across a sampled portion of the produce item. 

8. The produce data collector as recited in claim 1, 
Wherein the light source provides-illumination in a range of 
Wavelengths from about 400 nm to about 700 nm. 

9. The produce data collector as recited in claim 1, 
Wherein the light separating element comprises: 

a diffraction grating. 
10. The produce data collector as recited in claim 1, 

Wherein the light separating element comprises: 

a prism. 
11. The produce data collector as recited in claim 1, 

Wherein the light separating element comprises: 

a linear variable ?lter (LVF). 
12. The produce data collector as recited in claim 1, 

Wherein the detector comprises: 

an array of photodetectors for converting energy in the 
plurality of light portions into a plurality of electrical 
signals. 

13. The produce data collector as recited in claim 1, 
Wherein the control circuitry comprises: 

an analog-to-digital convertor. 
14. The produce data collector as recited in claim 1, 

further comprising: 

a color balancing ?lter for balancing spectral throughput 
from the light source and increasing a signal-to-noise 
ratio of the control circuitry. 

15. The produce data collector as recited in claim 1, 
further comprising: 

a light source sensor for monitoring the light source for 
variation in intensity and for producing signals indica 
tive of the intensity; 

Wherein the control circuitry varies drive current to the 
light source to compensate for the variation in intensity. 

16. The produce data collector as recited in claim 1, 
further comprising: 

an ambient light sensor for sensing intensity of ambient 
light and for producing signals indicative of the inten 
sity; 

Wherein the control circuitry turns on the light source after 
ambient light intensity has fallen to a minimum level. 

17. The produce data collector as recited in claim 1, 
further comprising: 

a shutter for obscuring ambient light; 

Wherein the control circuitry opens and closes the shutter 
to take reference ambient light readings. 

18. The produce data collector as recited in claim 17, 
Wherein the shutter comprises: 

a polymer dispersed liquid crystal (PDLC). 
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19. The produce data collector as recited in claim 17, 
Wherein the shutter comprises: 

a door; and 

a motor for moving the door to an open position and to a 
closed position. 

20. The produce data collector as recited in claim 1, 
further comprising: 

a housing containing a ?rst aperture through Which the 
light for illuminating the produce item and the light 
collected from the produce item pass. 

21. The produce data collector as recited in claim 20, 
Wherein the light source provides uniform luminosity across 
the aperture. 

22. The produce data collector as recited in claim 20, 
Wherein the light source comprises: 

a plurality of LEDs arranged around and substantially 
equadistantly from a center line through the aperture. 

23. The produce data collector as recited in claim 20, 
Wherein the aperture is no larger in area than about % inch 
by % inch. 

24. The produce data collector as recited in claim 20, 
Wherein the housing comprises: 

a WindoW in the aperture. 
25. The produce data collector as recited in claim 24, 

Wherein the housing further comprises: 

an anti-re?ective coating on an inner side of the WindoW 
Which minimiZes a portion of the light for illuminating 
the produce item Which re?ects from the inner side of 
the WindoW. 

26. The produce data collector as recited in claim 20, 
further comprising: 

a number of mirrors Within the housing for directing the 
collected light to the light separating element. 

27. The produce data collector as recited in claim 26, 
Wherein the mirrors comprise: 

a ?rst mirror oriented at about a forty-?ve degree angle for 
re-directing the collected light from a ?rst direction to 
a second direction at about ninety degrees from the ?rst 
direction; and 

a second mirror oriented at about a forty-?ve degree angle 
for re-directing the collected light from the second 
direction to a third direction toWards the light separat 
ing element at about ninety degrees from the second 
direction. 

28. The produce data collector as recited in claim 27, 
Wherein the ?rst and second mirrors comprise planar mir 
rors. 

29. The produce data collector as recited in claim 27, 
Wherein one of the ?rst and second mirrors also miXes the 
collected light to produce equaliZed light of average 
re?ected illumination. 

30. The produce data collector as recited in claim 29, 
Wherein the one mirror comprises: 

an optical element having a inner concave inner surface 
and a planar surface; and 

a textured re?ective layer on the planar surface Which 
diffuses and scatters the collected light; 
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wherein the inner concave inner surface converges scat 
tered collected light. 

31. The produce data collector as recited in claim 30, 
Wherein the optical element is made of molded transparent 
acrylic. 

32. The produce data collector as recited in claim 30, 
Wherein the teXtured re?ective layer comprises enhanced 
aluminum. 

33. The produce data collector as recited in claim 20, 
further comprising: 

a baf?e Within the housing betWeen the light source and 
the light separating element for minimiZing an amount 
of the light from the light source Which is directly 
incident upon the light separating element. 

34. The produce data collector as recited in claim 33, 
Wherein the baffle comprises: 

a plurality of adjacent chambers, including a ?rst chamber 
closest to the light source and a second chamber 
farthest aWay from the light source; 

Wherein the light separating element is located in the 
second chamber. 

35. The produce data collector as recited in claim 20, 
further comprising: 

a mount for the light source Within the housing Which 
anchors the light source and Which orients the light 
source in a position and orientation suf?cient to provide 
uniform luminosity illumination across the aperture. 

36. The produce data collector as recited in claim 20, 
Wherein the light apparatus element comprises: 

a ?rst end for processing a ?rst Wavelength of the col 
lected light and a second end for processing a second 
Wavelength of the collected light shorter than the ?rst 
Wavelength; 

Wherein the ?rst end is aligned With a center of the 
aperture. 

37. Aproduce data collector for processing a produce item 
as part of a transaction in a transaction establishment com 
prising: 

a housing containing an aperture; 

a WindoW in the aperture; 

a light source Within the housing for illuminating the 
produce item as it rests upon the WindoW during the 
transaction, including a number of light emitting diodes 
(LEDs) Which collectively produce substantially White 
light With substantially spectral uniformity; 

a mount for the light source Within the housing Which 
anchors the light source and Which orients the light 
source in a position and orientation suf?cient to provide 
uniform luminosity illumination across the WindoW; 

a light separating element Within the housing for splitting 
light collected from the produce item into a plurality of 
different light portions having different Wavelengths, 
including a linear variable ?lter (LVF); 

a number of mirrors Within the housing for directing the 
collected light to the light separating element; 
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a baf?e Within the housing betWeen the light source and 
the light separating element for shielding the light 
separating element from the light from the light source; 
and 

a detector Within the housing for converting energy in the 
plurality of light portions into a plurality of electrical 
signals Which contain information to identify the pro 
duce item for the purpose of determining its unit price, 
including a photodetector array. 

38. A produce recognition system for processing a pro 
duce item as part of a transaction in a transaction establish 
ment comprising: 

a checkout station for completing the transaction; 

a produce data collector in the checkout station including 

a light source for illuminating the produce item With 
substantially uniform light during the transaction; 

a light separating element for splitting light collected 
from the produce item into a plurality of different 
light portions having different Wavelengths; 

a detector for converting energy in the plurality of light 
portions into a plurality of electrical signals; 

control circuitry Within the checkout station Which digi 
tiZes the plurality of electrical signals to produce a 
digital spectrum from the produce item; 

a database of reference digital spectra; and 

a computer Within the checkout station and coupled to the 
control circuitry and the database Which compares the 
digital spectrum from the produce item With the refer 
ence digital spectra to identify the produce item for the 
purpose of determining its unit price and Which adds 
the produce item to the transaction. 

39. The system as recited in claim 38, Wherein the 
computer identi?es a number of likely choices for the 
produce item, displays the choices, and records selection of 
one of the choices by an operator. 

40. The system as recited in claim 38, Wherein the 
produce data collector Weighs less than about eight ounces. 

41. The system as recited in claim 38, Wherein the 
produce data collector further comprises: 

a housing containing a WindoW upon Which the produce 
item is placed; 

Wherein the WindoW has an area Which is less than about 
3A of an inch by 3A1 of an inch. 

42. A system for processing a produce item as part of a 
transaction in a transaction establishment comprising: 

a checkout station for completing the transaction; 

a produce data collector in the checkout station including 

a light source for illuminating the produce item With 
substantially uniform light during the transaction; 

a light separating element for splitting light collected 
from the produce item into a plurality of different 
light portions having different Wavelengths; 

a detector for converting energy in the plurality of light 
portions into a plurality of electrical signals; 
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control circuitry Within the checkout station Which 
digitiZes the plurality of electrical signals to produce 
a digital spectrum from the produce item; 

a ?rst database of reference digital spectra; 

a second database of price information correlated to item 
identi?cation information; 

a scale in the checkout station for providing Weight 
information from the produce item; and 

a computer Within the checkout station and coupled to the 
control circuitry, the ?rst and second databases, and the 
scale, Which compares the digital spectrum from the 
produce item With the reference digital spectra in the 
?rst database to determine item identi?cation informa 
tion for the produce item, Which obtains unit price 
information from the second database using the item 
identi?cation information for the item, and Which 
determines a price for the produce item from the unit 
price information and the Weight information, and 
Which adds the price of the produce item to the trans 
action. 

43. A method of identifying a produce item as part of a 
transaction in a transaction establishment comprising the 
steps of: 

(a) illuminating the produce item With substantially uni 
form light during the transaction; 

(b) splitting light collected from the produce item into a 
plurality of different light portions having different 
Wavelengths; 

(c) converting energy in the plurality of light portions into 
a plurality of electrical signals; 

(d) digitiZing the plurality of electrical signals to produce 
a digital spectrum from the produce item; and 

(e) comparing the digital spectrum to reference spectra to 
identify the produce item. 

44. The method as recited in claim 43, Wherein step (a) 
comprises the substep of: 

(a-1) illuminating the produce item With a halogen light. 
45. The method as recited in claim 43, Wherein step (a) 

comprises the substep of: 

(a-1) illuminating the produce item With a light emitting 
diode (LED) Which produces substantially White light. 

46. The method as recited in claim 43, Wherein step (a) 
comprises the substep of: 

(a-1) illuminating the produce item With a plurality of 
LEDs Which collectively provide substantially White 
light. 

47. The method as recited in claim 43, Wherein step (a) 
comprises the substep of: 

(a-1) illuminating the produce item With a plurality of 
matched LEDs Which collectively provide substantially 
White light. 

48. The method as recited in claim 43, Wherein substep (a) 
comprises the substep of: 

(a-1) arranging a plurality of LEDs around and substan 
tially equadistantly from a center line through an aper 
ture through Which the light for illuminating the pro 
duce item and ambient light pass. 
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49. The method as recited in claim 48, Wherein substep (a) 
further comprises the substep of: 

(a-2) orienting the plurality of LEDs at angles suf?cient to 
concentrate substantially all of the light from the light 
source through the aperture. 

50. The method as recited in claim 43, Wherein substep (a) 
comprises the substep of: 

(a-1) illuminating the produce item With light in a range 
of Wavelengths from about 400 nm to about 700 nm. 

51. The method as recited in claim 43, Wherein step (b) 
comprises the substep of: 

(b-l) splitting the light collected from the produce item 
into the plurality of different light portions having the 
different Wavelengths by a linear variable ?lter (LVF). 

52. The method as recited in claim 51, Wherein step (b-l) 
comprises the substeps of: 

(b-l-A) locating a ?rst end of the LVF Which processes a 
?rst Wavelength of the collected light in an optical path 
along a center line through an aperture through Which 
the light for illuminating the produce item and ambient 
light pass. 

53. The method as recited in claim 51, Wherein step (b-l) 
comprises the substeps of: 

(b-l-A) locating a ?rst end of the LVF Which processes 
red Wavelengths of the collected light in an optical path 
along a center line through an aperture through Which 
the light for illuminating the produce item and ambient 
light pass. 

54. The method as recited in claim 43, Wherein step (c) 
comprises the substep of: 

(c-1) converting energy in the plurality of light portions 
into a plurality of electrical signals by an array of 
photodetectors. 

55. The method as recited in claim 43, Wherein step (d) 
comprises the substep of: 

(d) digitiZing the plurality of electrical signals by an 
analog-to-digital (A/D) convertor. 

56. The method as recited in claim 43, further comprising 
the step of: 

(f) balancing spectral throughput from the light source. 
57. The method as recited in claim 43, further comprising 

the steps of: 

(f) sensing variations in intensity in the light from the light 
source; and 

(g) varying drive current to the light source to compensate 
for the variations in intensity. 

58. The method as recited in claim 43, further comprising 
the step of: 

(f) sensing intensity of ambient light before step (a). 
59. The method as recited in claim 58, Wherein step (a) 

comprises the substep of: 

(a-1) illuminating the produce item With light after the 
intensity of the ambient light has fallen to a minimum 
level. 

60. The method as recited in claim 43, further comprising 
the steps of: 

(f) taking reference digital spectrum readings before step 
(a); 
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(g) storing the reference readings; and 

(h) correcting the digital spectrum obtained in step (d) 
using the reference readings. 

61. The method as recited in claim 60, Wherein step comprises the substep of: 

(f-1) opening and closing a shutter under an aperture 
through Which the light for illuminating the produce 
item and ambient light pass. 

62. The method as recited in claim 61, Wherein substep 
(f-1) comprises the substeps of: 

(f-1-A) closing the shutter; 
(f-1-B) taking a ?rst reference reading; 

(f-1-C) turning on the light source; 

(f-1-D) taking a second reference reading; 

(f-1-E) opening the shutter; 

(f-1-F) taking a third reference reading; 

(f-1-G) turning off the light source; and 

(f-1-H) taking a fourth reference reading. 
63. The method as recited in claim 61, Wherein substep 

(f-1) comprises the substep of: 

(f-1-A) energiZing and de-energiZing a polymer dispersed 
liquid crystal (PDLC). 

64. The method as recited in claim 61, Wherein substep 
(f-1) comprises the substep of: 

(f-1-A) energiZing a motor to open and close a door 
coupled to the motor. 
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65. The method as recited in claim 43, further comprising 
the step of: 

(f) minimiZing a portion of the light for illuminating the 
produce item Which re?ects from an inner side of a 
WindoW through Which the light for illuminating the 
produce item and ambient light pass. 

66. The method as recited in claim 43, further comprising 
the step of: 

(f) re-directing the collected light from a ?rst direction to 
a second direction by a number of mirrors. 

67. The method as recited in claim 66, further comprising 
the step of: 

(g) miXing the collected light to produce equalized light of 
average re?ected illumination by one of the mirrors. 

68. The method as recited in claim 66, further comprising 
the step of: 

(g) minimiZing an amount of the light for illuminating the 
produce item Which miXes With the collected light. 

69. The method as recited in claim 43, Wherein step (e) 
comprises the substep of: 

(e-1) identifying a number of likely choices for the 
produce item. 

70. The method as recited in claim 69, further comprising 
the steps of: 

(f) displaying the choices; and 
(h) recording selection of one of the choices by an 

operator. 


