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(57) Abstract: In one general embodiment, an article of manufacture includes an objective reference having at least two optical ref-
erences. The optical references are selected from a group consisting of: a non-human-visible mark, a ruler, a spaced grid, a color cal -
ibration area, an area of reflectivity, a texture, and a pattern. In another general embodiment, a method includes receiving an image
of a product and an objective reference having at least two optical references. The optical references are selected from a group con -
sisting of: a non-human-visible mark, a ruler, a spaced grid, a color calibration area, an area of reflectivity, a texture, and a pattern.
The product is evaluated by comparing the product in the image to the optical references in the image.
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PHOTO ANALYTICS CALIBRATION

FIfLD OF THE INVENTION

{0001] The present invention relates to use of photo analytics, and more particularly,

this invention relates to use of photo analvtics to evaluate a state of a product.

BACKGROUND

{0002} The use of photo analvtics offers significant advantages for food quality
assurance, as much of the current practice includes visual inspection. The challenge
for visual inspection of fresh food s twofold: furst, the inspector must be highly
trained to identify the visual feedback, and interpret according to the specific of the
food type and possible variety specifics, and second, the inspector needs to be as
objective as possible to enable consisient evaluation across different mspectors
potentially m different environments. The use of photo analvtics can improve upon
mapector visual inspection, by performing consistent evaluations from images of food
products. However, the image capture may not be consistent due to a number of
potential factors, such as (but not hmited to) highting of the food product, camera
flters or optical biases, background color influences, air borne particle interfergnce,

non-visible light variability, the type of camera used, and so on.
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SUMMARY

{0003] An article of manufacture according to one embodiment includes an
objective reference having at least two optical references. The optical references are
sclected from a group consisting of: a non-human-visible mark, a ruler, a spaced grid,
a color calibration area, an area of reflectivity, a texture, and a pattern.

0004] A method according to one embodiment includes recetving an image of a
product and an objective reference having at least two optical references. The optical
references are selected from a group consisting of a non-human-visible mark, a ruler,
a spaced grid, a color calibration arga, an area of reflectivity, a texture, and a pattern.
The product is evaluated by comparing the product in the tmage 1o the optical
references in the image.

{0005] A computer program product includes a non-transiiory computer readable
storage mediom having program instructions thereon for causing a computer to
perform the foregoing method.

{0006] Other aspects and advantages of the present invention will become
apparent from the following detailed description, which, when taken i conjunction

with the drawings, iHlustrate by way of example the principles of the mvention.
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Brirr DESCRIPTION OF THE DRAWINGS

{00067} FIG. 1 i3 a diagram of a network architecture 1 accordance with one
embodiment.

{0008] FIG. 2 15 a depiction of a representative hardware environment associated
with a user device and/or server of FIG. 1, in accordance with one embodiment.
0009] FI(3. 3 s a depiction of a calibration card, in accordance with ong

embodiment.
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DETAILED DESCRIPTION

{0016] The following description 1s made for the purpose of ilustrating the
general principles of the present invention and 1s not meant to himit the mventive
concepts clatmed herein. Further, particular features described herein can be used in
combination with other described features 1n each of the various possible
combinations and permutations.

HEORY Unless otherwise specifically defined herein, all terms are to be given their
broadest possible interpretation including meanings tmaphied from the specification as
well as meanings understood by those skilled i the art and/or as defined in
dictionares, treatises, efc.

{0012} It must also be noted that, as used in the specification and the appended

[1an1

claims, the singular forms "a," "an" and "the" include plural referents unless otherwise
specified.

{0013] The following description discloses several preferred embodiments of
using photo analytics to evaluate the state of a product, as well as related systems,
products and methods.

10014] In one general embodiment, an article of manufacture includes an
objective reference having at least two optical references. The optical references are
selected from a group consisting of: a non-human-visible mark, a ruler, a spaced grid,
a color calibration area, an area of reflectivity, a texture, and a pattern.

{001 5] In another general embodiment, a method includes receiving an image of a
product and an objective reference having at least two optical references. The optical

refercnces are selected from a group consisting of: a non-human-visible mark, a ruler,
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a spaced grid, a color calibration area, an area of reflectivity, a texture, and a patiern.
¢ product 1s evaluated by comparing the product in the image to the optical
references in the image.
{0016] In vet another general embodiment, a computer program product includes
a non-transitory computer readable storage mediuom having program instructions
thereon for causing a computer to perform the foregoing method.
{001 7] The description herein is presented to enable any person skilled in the art
to make and use the mvention and is provided i the context of particular applications
of the invention and their requirements. Various modifications to the disclosed
embodiments will be readily apparent to those skilied in the art and the general
principles defined hercin may be applied to other embodiments and applications
without departing from the spinit and scope of the present invention. Thus, the present
mveniion 15 not intended to be hinuted to the embodiments shown, but 1s to be
accorded the widest scope consistent with the principles and features disclosed herain.
001 8] In particular, various embodiments of the invention discussed herein are
mplemented using the Internet as a means of communicating among a plurality of
computer svstems. One skilled in the art will recognize that the present invention is
not imited to the use of the Internet as a commmanication medium and that alternative
methods of the mvention may accommodate the use of a private intranet, a Local Area
Network (LAN)}, a Wide Arca Network (WAN) or other means of communication. in
addition, vanous combinations of wired, wireless {e.g., radio frequency) and optical
communication links may be utilized.
{0019] The program environment in which one embodiment of the invention may
be executed illustratively incorporates one or more gencral-purpose computers or

special-purpose devices such hand-held computers. Details of such devices {e.g.,
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processor, memory, data storage, nput and output devices) are well known and are
omitted for the sake of clanty.
{0020] It should also be understood that the techniques of the present mvention
might be implemented using a varicty of technologies. For example, the methods
eacribed herein may be implemented in software running on a computer system, or
uvnplemented in hardware utilizing one or more processors and logic (bardware and/or
software} for performing operations of the method, application specific integrated
circuits, programmable logic devices such as Field Programmable Gate Arrays
{(FPGAs), and/or various combinations thereof. In one illustrative approach, methods
described herein may be implemented by a series of computer-executable instructions
residing on a storage medium such as a physical {e.g., non-transitory)
computer-readable medium. In addition, although specific embodiments of the
mvention may employ object-oriented software programming concepts, the invention
is not so himited and is ¢asify adapted to employ other forms of directing the operation
of a computer.
j021] The invention can also be provided in the form of a computer program
product comprising a computer readable storage or signal medinum having computer
code thereon, which may be executed by a computing device {¢.g., a processor) and/or
svstem. A computer readable storage medium can inciude any medium capable of
storing computer code thercon for use by a computing device or system, including
optical media such as read only and writeable CD and DVD, magnetic memory or
mediom {¢.g., hard disk drive, tape), semiconductor memory {e.g., FLASH memory
and other portable memory cards, etc.), firnvware encoded in a chip, cic.
{00221 A computer readable signal medium is one that does not fit within the

aforementioned storage medium class. For example, itllustrative computer readable

-ty -
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signal media communicate or otherwise transfer transitory signals within a system,
between systems ¢.g., via a physical or virtual network, ete.

{0023] FIG. 1 illustrates an architecture 160, in accordance with one embodiment.
As an option, the present architecture 108 may be implemented in conjunction with
features from any other embodiment listed herein, such as those desceribed with
refercnce 1o the other FIGS. Of course, however, such architecture 186 and others
presented herein may be used in various applications and/or in permutations which
may or may not be specifically deseribed m the iHostrative embodiments listed herein.
Further, the architecture 100 presented herein may be used in any desired
environment.

{0024] As shown in FIG. 1, a plarality of remote networks 102 are provided
mcluding a first remote network 184 and a second remote network 106, A gateway
101 may be coupled between the remote networks 102 and a proximate network 108,
In the context of the present network architectare 106, the networks 184, 106 may
gach take any form including, but not limited to a LAN, a WAN such as the Internet,
public switched telephone network (PSTN}, mtemal telephone network, cte.

{0025] In use, the gateway 181 serves as an entrance point from the remote
networks 182 to the proximate network 188, As such, the gateway 101 may function
as a router, which is capable of directing a given packet of data that arrives at the
gateway 101, and a switch, which furnishes the actual path in and out of the gatoway
181 for a given packet.

0026] Further included 1s at least one data server 114 coupled to the proximate
network 108, and which is accessible from the remote networks 102 via the gateway
161 It should be noted that the data server(s) 114 may include any type of computing

device/groupware. Coupled 1o each data server 114 s a plurality of user devices 116,



WO 2017/008061 PCT/US2016/041648

Such user devices 116 may include a desktop computer, laptop computer, hand-held
computer, printer or any other type of logic. It should be noted that a user device 111
may also be directly coupled to any of the networks, in one crabodiment.

{00271 A peripheral 120 or series of peripherals 128, ¢ g. facsimiic machinges,
printers, networked storage units, ¢tc., may be coupled to one or more of the networks
104, 106, 108. It should be noted that databases, servers, and/or additional
components may be utilized with, or integrated info, any type of network element
coupled to the networks 104, 106, 108, In the context of the present description, a
network clement may refer to anv component of a network.

{0028] According to some approaches, methods and systems described herein
may be implemented with and/or on virtual systems and/or systems which emulate
one or more other systems, such as a UNIX system which emulates a MAC OS
environment, a UNIX system which virtually hosts a MICROSOFT WINDOWS
environment, a MEICROSOFT WINDOWS svstem which cmulates a MAC 08
environment, ete. This virtualization and/or emulation may be enhanced through the
use of VMWARE software, mn some embodiments.

{8029] In more approaches, one or more networks 184, 106, 108, may represent a
cluster of systems commonly referred to as a "cloud." In cloud computing, shared
resources, such as processing power, peripherals, software, data processing and/or
storage, servers, otc., are provided to any system in the cloud, preferably in an on-
demand relationship, thereby allowing access and distribution of services across many
computing systems. Cloud computing tvpically invelves an Intemet or other high
speed connection {¢.g., 4G LTE, fiber optic, otc.) between the svstems operating in

the cloud, but other technigues of connecting the systems may also be used.
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0036] FIG. 2 shows a representative hardware environment associated with a
user device 116 and/or server 114 of FIG. 1, m accordance with one embodiment.
Such figure iHlustrates a typical hardware configuration of a workstation having a
central processing unit 218, such as a microprocessor, and a number of other units
mterconnected via a system bus 212,
{00311 The workstation shown i FIG. 2 includes a Random Access Memory
{(RAM) 214, Read Only Memory {(ROM) 216, an /O adapter 218 for connecting
peripheral devices such as disk storage units 228 to the bus 212, a user interface
adapter 222 for connecting a kevboard 224, a mouse 226, a speaker 228, a
microphone 232, and/or other user interface devices such as atouch screcen and a
digital camera {not shown) to the bus 212, communication adapter 234 for comecting
the workstation {o a communication network 235 {(¢.g., a data processing network)
and a display adapter 236 for connecting the bus 212 to a display device 238
{0032] The workstation may have resident thereon an operating system such as
the Microsoft WINDOWS Operating System (0S), a MAC O5, a UNIX OS, ete. It
will be appreciated that a preferred embodiment may also be implemented on
platforms and operating svstems other than those mentioned. A preferred embodiment
may be written using JAVA, XML, C, and/or C++ language, or other programming
languages, along with an object oriented programming methodology. Object oriented
programming (OOP), which has become increasingly used to develop complex
apphications, may be used.
{0033] Moreover, a system according to various embodiments may include a
processor and logic mtegrated with and/or executable by the processor, the fogic
cing contfigured to perform one or more of the process steps recited herein. By

integrated with, what 1s meant 1s that the processor has logic embedded therewith as
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hardware logic, such as an application specific integrated circuit (ASIC), a FPGA | ¢tc.
By executable by the processor, what 1s meant is that the logic is hardware logic;
software logic such as firmware, part of an operating system, part of an application
program: etc.. or some combination of hardwarce and software logic that is accessible
by the processor and configured to cause the processor to perform some functionality
upon execution by the processor. Software logic may be stored on local and/or remote
memory of any memory type, as known in the art. Aay processor known in the art
may be used, such as a software processor module and/or a hardware processor such
as an ASIC, a FPGA, a central processing unit (CPU), an integrated circunt (IC), a
graphics processing unit (GPU), cte.

{0034] Vartous embodiments presented herein enable use of an objective
reference to allow evaluation of a product via an image of the product with the
objective reference. In one approach, cach image taken would contain the objective
reference, which may then be used by the analytic interpretation program as a baseline
when evaluating the image of the product,

{135] Embodiments are usable with any {ype of product, such as perishable
products {(e.g., food items, plants, ¢tc.); colored objects such as clothing; produsts
suseeptible to damage such as cardboard boxes procecding through a supply chain;
ete.

{0036] Particularly preferred crobodiments of the present invention provide an
objective reference tallored for use with a food product, and further provide a way to
standardize the image capture of the food product, such that consistent and accurate
image or photo analytics can be used to evaluate the food product.

{60371 In some approaches, the objective reference may be a permanent fixture,

¢.g2.. mounted to a surface, painted or printed on a fixed surface, stc. However, in

- 10 -
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other approaches, the objective reference may be portable, disposable, on a movable
object such as a tray, etc. To provide a context tor the objective reference, and done
by wav of example only and without limitation, some of the descrption herein will
refer to an objective reference as a “calibration card,” but this is meant in no way to
Limit the type of objective reference, material used, size of objective reference, or any
other physical characteristics of the objective reference.

{0038] In various embodiments, the objective reference may be, or be on, a sheet
of paper, a card, a lanunate, a tray, or any such printed media.

4139] The objective reference may mclude at least one optical reference, and
preferably at least two optical references, that enables some characterization of the
product to be evaluated via an image of the product along with the objective
reference. In one embodiment, an objective reference is provided to aid in the image
or photo analytics used to inferpret images captured of food product for the purpose of
food product mspection, quality determination and shelf life prediction.

0040] The objective reference preferably includes two or more optical references
{to the camera, which may include image capture not visual to a human, such as, but
not himited to, infrared or ultra viclet hight wavelengths). Optical references may
melude, but are not limited to: optical calibration marks, a ruler, a regularly spaced
grid, an 1rregularly spaced grid, a color calibration area that may include standard or
specialty colors printed with color accuracy {possible a number of varyving colors,
sach a red, yeliow, blue and shades of grey ranging from white to black), a calibrated
amount of reflectivity, constant or varving texture patierns.

{0041] The objective reference may also include non-human-visible marks for
purposes such as calibration and/or authentication of the objective reference itself. In

some approaches, the non-human-visible marks may be used to verify that the image

-1 -
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data collected is of verifiable quality, and perhaps even evidentiary in nature, via
authentication of the objective reference, which i tum provides a benchmark for the
image data. Thus, the quality of the image data having an authenticated obhjective
reforence thergein may be raised to evidentiary status, even if taken with an
uncalibrated camera. Without the objective reference, or with an unverified objective
reference, it could be argued there was enough possible “distortion” of color, textures,
¢ic. that the image data may be inaccurate. Hlustrative non-human-visible marks may
mclude marks that respond to infrared or ultraviolet light in a manner that can be
captured by the camera, but not visible or obvious to a person.

{0042] Further, the objective reference may include other information such as
date, time, location, person or persons (inclading company name) nvolved in
capturing the 1mage, food product reference number (such as product 1D, GTIN, or
P number or some standardized reference to product tvpe, producing company,
¢ic.), temperature, humidity, or other current environmental conditions, such that they
accurately and objectively are captured within the image. An identifier such as a senal
number, product identifier, etc. may also be present.

{004 3] The objective reference may provide a baseling references for calibration
related to some or all relevant optical data, as well as optionally food product and
environmental data, to enable the most complete mmage or photo analysis possible,
solely based on the image data captured.

{0044] Turning to an example, visual inspection of food products is used to help
characterize the food product physically, as well as gauge its freshness or npeness.
Some potential physical characteristics of the food product or parts of the food
product mchide, but are not limited to, size, shape, count per container, color,

composition {sach as with or without a stem), surface texture, reflectivity,

12 -
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transparency, and/or certain pattern types (such as the tightness of a weave pattern on
melons). Visual inspection of food products for freshness or ripeness may ook for
characteristics such as, but not limited to, decay, bruising, separating of scgments,
discoloration different from fresh color, changed composition (such as wilting calyx
or loss of stem or other component), changed surface texture, reflectivity,
transparency, paticrns, and/or other visual cues. A visual mspector trained in the art of
food inspection can interpret both the phyvsical and freshness characteristics, and
determine if the food product meets certain criteria that can relate to either
acceptance, possible qualified acceptance that may include a discounted price or some
reduced value, possible qualified acceptance that requires special handling to expedite
use or sale or assign a specific tvpe of use or sale, possible rejection of the food
product. Based on difterent types of inspection, possibly performed at either different
times in the food product hife cycle, which for these purposes mclude post-harvest
distribution and sale, up through use or consumption, or different locations in the food
distribution chain, the mterpretation of results may vary as the expectation of the
physical state may vary. However, for any given time or location, it is preferable to
have objective and consistent analysis of the physical and visible characteristics.
Further, the visual inspector observations need to be recorded in an unambiguous, and
standardized format or language, such that uniform mierpretation can be made based
on reading or evaluating a visual inspection report. This is the challenge for the
current visual mspections.

[0045] FIG. 3 illustrates an illustrative calibration card 300 for use with
strawberries, according to one embodiment. As shown, the calibration card 360
inchedes a sample area 302 for receiving the product, in this case, strawbermes 304,

For example, a handful or carton of strawberrics may be placed in the sample area 362

-13 -
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in the field during picking, at a warehouse, at some point in the supply chain, at the
final destination, etc,

{0046] Optical references on the calibration card include a ruler 306 n any
suitable unit, e.g., centimeters, inches, etc. A toxture reference 388 has textures for
comparison {o the texture of the strawberries 304 placed on the sample area 362
{00471 A color calibration arca 310 having color patches varving from hight red to
dark red is provided to assist in grading the color of the strawberries 384, For
gxample, the color patches may correspond to the color range of the strawberries.
Becanse the hues of the color patches are known and/or standardized, it does not
matter how the color appears in the image; the relative color of the strawberries can
readily be determined. The ripencss of the strawbernes may be determinable based on
the relative color thereof.

{0048] A further application of the color calibration area 310 may be to allow
accurate detection of a color resulting from contact of the product with a substance.
For example, the color of a catalyst, reactant, color-changing substance, etc. placed in
contact with the product, and/or color of the product upon being contacted by a
substance. In one approach, a dye that changes color in the presence of a contamunant
may be placed in contact with the product, such as by being applied to the product, by
being present in the sample area of the calibration card 300, etc. As an example, the
resulting color of a dye applied to the product may indicate presence of ¢ coli, may
provide a visual indication of sweetness, may indicate some other characieristic, ¢ic.
The color calibration area 310 cnables an accurate evaluation of the change in color
vig image data.

{0049] In some approaches, non-human-visible marks may be used to verify that

the image data collected is of verifiable quality, and perhaps even evidentiary m
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nature, even if taken with an uncabibrated camera. Without the calibration card, it
could be argued there was enough possible “distorfion” of color, textures, etc. that the
reading may be a false reading.

{0050] A reflective area 312 may be present. As shown, the reflective area 312
transitions therealong from less to more reflectivity, e.g., almost no reflectivity to
mirror-like retlectivity. For example, the retlective area 312 may be used to determine
the sheen of the strawberries, which may be mndicative of moisture content of the
strawberries.

051 An infrared scale 314 is also shown for enabling comparison thercof
relative to nfrared image data of the strawbernes 364, This is useful, for example, for
such things as detecting a temperatare of the product at the time of the image, whether
the product is heat stressed, whether the product is spoiling, ete. For exampie,
variations in the nfrared image data indicate problems such as decav and bruising,
even when such problems are not readily detectable in the visible spectrum image
data.

[052] Identification mformation 316 may also be present, ¢.g., {o identify the
grower, the focation of the image capture, ote.

{0053] A count of the strawberries in the image may also be made. Preferably, the
sample area 18 of a size configured to receive a standard contamer volume of the
strawberries, ¢.g., the sample arca tits one clamshell worth of strawberries, where the
clamshell is the standard size typically sold in a grocery store. The average size of the
strawberries may be estimated from the count, or an approximate number of
strawberries per clamshell may be determined.

{0054] A calibration card preferably has optical references particular to the type

of product 1t is mtended 1o be used with. For example, blueberries may have a blue
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color scale, while lettuce may have a green color scale and textures particular to
lettuce.

{0055] Various entbodiments may be useable to assess an mside component of the
product, e.g., the mside of a melon. Accordingly, optical references particularto an
mtemal component of the product may be present. For example, using a watermelon
as an example, images of the outside of the watermelon may be taken with a
calibration card having optical references corresponding to the rind. The watermelon
may also be cut to create a shice. The slice may be placed on the sample area of the
same calibration card, or another calibration card. The optical references may include
textures corresponding to the texture of the pink flesh, seeds, ete. The color reference
may extend from pale pink to deep red.

{0056] To further aid in capturing consisient image guality and for assessing
praduct condition, the product and objective reference may optionally be dhuminated
with a light source to provide uniform fighting conditions and/or additional
wavelengths of hight, including bat not limited to infrared, uitraviolet hight and/or
laser imaging. Anv conventional light source or set of light sources may be used.
{0057} The objective reference may also include a holographic calibration object,
that may provide both authentication and further calibration for the image. The
hologram may add additional information regarding the angle of the image capture
relative to the product,

{0058] In use, one or more still and/or video images may be captured using an
image capture device, €.g., a portable telephone, a fixed or portable camera, a camera
above a conveyor belt, etc. An image may be captured any time, ¢.g., when a scout is
in the ficld selecting samples to determine when to pick the fruit, upon packagiog, in

transit, and/or at the final destination.
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0039] The captured 1mage data may be stored for later use, analvzed by computer
and/or a human for assessing the condition of the product, etc. Because the
characteristics of the optical references arc known, mformation about the product
becomes standardized, regardless of the device used to capture the image data.

{0060] Photo analvtics may be used to interpret images captured of a food product
for the purpose of food product inspection, guality determination and shelf life
prediction. Such food products may be fruit, produce, meat, scafood, prepared foods,
gtc. Results of the analysis may be stored, sent to a party assoctated with the product
{c.g., grower, vendor, transporter, etc.), tc.

{0061 ] Multiple images of the product taken along the supply chain mayv be
assessed, and compared to determine relative changes in the product as it traverses the
supply cham. The product may travel with the objective reference. However, where
copies of the objective references arc used at the various points of the supply chain,
where such copies are identical, an accurate comparison of the same product at
different times can be made. For example, the relative change in charactenistics of the
product from one pomnt to another along the supply chan can be accurately
determined.

{0062] The assessment may also be used to route the product to a particular
destination based on its characteristics. For example, strawberries having a lighter
shade of red may indicate having been harvested carlv, and thercfore may be routed to
a more distant destination because they will have a longer shelf life than strawberries
harvested late, as evidenced by a deeper red color. Similarly, salmon exhibiting
scparation between fat and protein, as detectable by comparison to a texture of the
objective reference, may indicate that the salmon is past its ideal freshness, and so

should be routed to a destination for faster sale. Moreover, strawberry samples
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exhibiting a smaller size may be routed to destinations requesting smaller
strawberries, and vice versa.

{0063] The image assessment information may be used in conjunction with other
information, such as trangit ime, an environmental condition near the product in
transit, etc. Sach information may be acquired at any point or points as the product
moves through the supply chain. Various illustrative environmental conditions that
may be monitored, assessed and/or considered may include one or more of humidity,
pH levels, temperature, sunlight, witraviolet light, chemicals, radioactivity, pathogens,
presence of bacteria, presence of viruses, presence of prions, carbon dioxade level,
etc., or any other data which would be desired and/or apparent to one skilled in the art
upon reading the present description. In other embodiments, the various attributes
may include any information on environmental characterisuic that may affect the shelf
life or expiration of the good being monitored.

[0064] Preferably, the environmental condition is measured in the immediate
vicinity of the product, e.g., by a sensor tag configured to provide data about the
environmental condition.

{0065] The image assessment mformation may be used as proof for an insurance
claim and/or return of the product.

{0066] In one approach, the resulting image data and/or analvsis resulis thereof
may be uploaded to a supply chain management system. The management systerm
may take a predefined action based on the analysis of the image data. For example,
the management system may send updates to other applications that may be used to
dispatch the driver to a customer, or complete a sales transaction with a customer. The
management system may maintain a product freshness metrie that tracks the product

from ideal freshness to disqualification, which can be determined based at least in part
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on the image data analysis. Based on this metric, the dispatch application may sclect
the best choice for delivery from two or more delivery ttems qualified for delivery. By
sclecting the comtainer with the lower freshuess metric for delivery to a closer
location, for exaraple, the dispatch application mav maintain an mventory of food
with a higher freshness metric.

{0067] The management svsicm may also send updates, pushes based on events,
based on the product in the delivery container being appropriate for sale. if the
management system determines the product has been disqualified, possibly due to
picking too carly or too late, the management svstem may notify the sales transaction
application to remove the product in the specitic dehvery container from avatlability.
There may also be user input to disqualify one or more delivery contamer contents,
such as in a recall. This enables immediate action to prevent turther sales of product
for any reason. The management system may optionally notify other applications or
users of this disqualification status, for instance the management syster notifies the
driver of the product disqualification and requests they acknowledge and returmn the
product to the supplier for proper disposal.

{0068] The management system preferably stores all of the data associated with
cach shift and delivery container. This data can be used to analyze the performance of
the entities involved in cach delivery, and report accordingly. For mstance, data could
show that specific drivers consistently mishandle the food, or that a particular grower
tends to pick the food too early. These types of analvtical reports can help mmprove the
food delivery over time. The data can also be used for health department or other food
safety reports, to reflect that proper process that maintains food quality and safety is

being adhered to on a consistent basis.
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0069] Another challenge in capturing images fully representing food product is
that the food products are three dimensional, but the image capture is currently only
two dimensional, capturing only a view from a single side of the food product. Fora
complete visual inspection, it would be best to capture images from all views or sides
of the food product. While this may be accomplished by randomly moving the food
praduct, such as by shaking a tray containing the food product, 2 means or device that
more consistently captures all views may be preferred. To accomplish this task,
another embodiment may employ use of a type of flexible mesh screen, ideally with
optically transparent mesh, that may elastically hold the food product from both sides,
without deforming, injuring or physically changing the food product. A mesh screen
may allow the food product to remain in a fixed position relative to the frame, and
then an image could be taken from two sides. The mesh screen may be utilized in
combination with the calibration card, such that the calibration items were
mcorporated i the frame of the device, and visible from both sides

{0076] The inventive concepts disclosed herein have been presented by way of
example to lustrate the myriad teatures thercof n a plurality of llustrative scenarios,
embodiments, and/or implementations. It should be appreciated that the concepts
generally disclosed are to be considered as modular, and may be implemented in any
combination, permutation, or synthesis thercof. In addition, any modification,
alteration, or equivalent of the presently disclosed features, functions, and concepts that
would be appreciated by a person having ordinary skill in the art upon reading the
mstant descriptions should also be considered within the scope of this disclosure.
{0071] While various embodiments have been described above, it should be
understood that they have been presented by way of example only, and not limitation.

Thus, the breadth and scope of an embodiment of the present invention should not be
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limited by any of the above-described exemplary embodiments, but should be defined

only in accordance with the following claims and thewr equivalents.
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{LAIMS

What 1s claimed is:

L. An article of manufacture, compusing:
an objective reference having at least two optical references, the optical
references bemng selected from a group consisting of)
a non-human-visible mark,
a ruler,
a spaced gnd,
a color calibration area,
an area of reflectivity,
a textore, and

a pattern.

2. The article of manufacture of claim 1, wherein the objective reference includes
the texture, wherein the texture corresponds to a texture of a perishable
product,

3. The article of manutacture of claim 1, wherem the objective reference has a
sample arca for receiving a product thereon.

4, The article of manufacture of claim 3, wherein the sample area s configured

1o receive a standard volume of the product.
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6.

o)

10.

The article of manufacture of claim |, wherein the objective reference mncludes
the color calibration arca, wherein the color calibration arca has color patches

corresponding to a color range of a perishable product.

The article of manufacture of claim I, wherein the objective reference includes

the area of reflectivity.

The article of manufacture of claim |, wherein the objective reference mncludes

optical references particular to an intemal component of a product.

The article of manutacture of claim 7, wherein the optical reterences particular
to the internal component of the product correspond to an internal portion of a

food tem.

The article of manufacture of claim |, wherein the objective reference mncludes

the non-human-visible marks for authentication of the objective reference.

A method, comprising:

receiving an image of a product and an objective reference having at least two

optical references, the optical references being selected from a group consisting of

a non-human-visible mark,
a ruler,
a spaced grid,

a color calibration area,
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an area of reflectivity,
a texture, and
a pattern; and

evaluating the product by comparing the product in the 1mage to the optical

references m the image.

.

ot
3

4.

16.

The method of claim 10, comprising receiving a second image of the product
and the obiective reference taken at a different time, and determining a relative

change n a charactenistic of the product.

The method of claim 10, comprising determining a delivery destination based

on the evaluation of the product.

The method of claim 12, wherein the product is a perishable food product.

The method of claim 10, wherein the objective refercnee includes the non-

human-visible mark, and comprising authenticating the objective reference

using the non-human-visible mark.

The method of claim 10, wherein evaluating the product further includes

considering an environmental condition near the product in transit.

The method of claim 10, wherein evaluating the product further includes

considering a transit time of the product.
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17.  'The method of claim 10, wherein the evaluation is used as proof for an

msurance claim.

18.  The method of claimm 10, wherein the objective reference includes the color
calibration area, wherein the evaluation mcludes detecting a color resulting
from contact of the product with a substance and comparing the color to the

color calibration area.

19, A computer program product, comprising a non-transiiory computer readable
storage medium having program instructions thereon for causing a computer
to perform a method comprising:
recetving an image of a product and an objective reference having at least two

optical references, the opuical references being selected from a group consisting of’

a non-human-visible mark,
aruler,
a spaced grid,
a color calibration area,
an arca of reflectivity,
a texture, and
a pattern; and
evaluating the product by comparing the product in the image to the optical

references in the image.
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