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PLANOGRAMMATCHING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority, under 35 
U.S.C. S119, of U.S. Provisional Patent Application No. 
62/269,899, filed Dec. 18, 2015 and entitled “Suggestion 
Generation Based on Planogram Matching,” which is incor 
porated by reference in its entirety. 

BACKGROUND 

0002 1. Field of the Invention 
0003. The specification generally relates to a system and 
method for performing planogram (POG) matching between 
an image and a planogram (POG). In particular, the speci 
fication relates to a system and method for analyzing and 
extracting data and a product from images and comparing 
that data and the product to a planogram to determine 
alignment differences that may be used for corrective 
actions, ground truth generation, and recognition. 
0004 2. Description of the Background Art 
0005. A planogram (POG) is a visual representation of 
products in a retail environment. For example, a planogram 
may describe where in the retail environment and in what 
quantity products should be located. Such planograms are 
known to be effective tools for increasing sales, managing 
inventory and otherwise ensuring that the desired quantity of 
objects are placed to optimize profits or other parameters. 
However, presentation and maintenance of adequate levels 
of Stock on shelves, racks and displays stands is a labor 
intensive effort, thereby making enforcement of planograms 
difficult. In addition, the planograms and the actual retail 
environment change over time, which make the maintenance 
of the actual retail environment more difficult. An approach 
that can capture overall data including time-changing infor 
mation and provide real-time feedback is desired. 

SUMMARY 

0006. The techniques introduced herein overcome the 
deficiencies and limitations of the prior art, at least in part, 
with a system and method of planogram matching. In one 
embodiment, the method includes capturing an image, pro 
cessing the image to identify a product based on a symbolic 
identifier, receiving a planogram; identifying a region of the 
planogram based on a linear grouping, determining a geo 
metrically consistent match between the product and a 
sample product included in the region of the planogram, and 
determining an alignment between the region of the plano 
gram and a corresponding region of the image that includes 
the product. 
0007. Other aspects include corresponding methods, sys 
tems, apparatuses, and computer program products for these 
and other innovative aspects. 
0008. The features and advantages described herein are 
not all-inclusive and many additional features and advan 
tages will be apparent to one of ordinary skill in the art in 
view of the figures and description. Moreover, it should be 
noted that the language used in the specification has been 
principally selected for readability and instructional pur 
poses and not to limit the scope of the techniques described. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0009. The techniques introduced herein are illustrated by 
way of example, and not by way of limitation in the figures 
of the accompanying drawings in which like reference 
numerals are used to refer to similar elements. 
0010 FIG. 1 is a high-level block diagram illustrating 
one embodiment of a system for classifying conditions of a 
data stream of an object. 
0011 FIG. 2 is a block diagram illustrating one embodi 
ment of a computing device including an image recognition 
application. 
0012 FIG. 3 is a flow diagram illustrating one embodi 
ment of a method for generating an advice for performing a 
corrective action based on a condition. 
0013 FIG. 4 is a flow diagram illustrating one embodi 
ment of a method for generating a notification describing 
potential usage of a portion of data associated with a 
condition. 
0014 FIG. 5 is a graphical representation of an example 
out of Stock condition. 
0015 FIG. 6 is a graphical representation of an example 
recall condition. 
0016 FIG. 7 is a graphical representation of an example 
position map condition. 
0017 FIG. 8 is a graphical representation of an example 
new product condition. 
0018 FIG. 9 is a graphical representation of an example 
price match condition. 
(0019 FIG. 10 is a graphical representation of an example 
representative performance condition. 
0020 FIG. 11 is a graphical representation of an example 
planogram adherence condition. 
0021 FIG. 12 is a graphical representation of an example 
profit adherence condition. 
0022 FIG. 13 A-13B are graphical representations of an 
example comparing a planogram and image. 
0023 FIGS. 14A-14C are a block diagram of an example 
data flow for comparing an image to a planogram. 
0024 FIGS. 15A-15C are graphical representations of 
example comparisons of a planogram and image. 
0025 FIG. 16 is a flow diagram illustrating one embodi 
ment of a method for comparing an image to a planogram to 
generate a suggestion or corrective action. 
0026 FIG. 17A a flow diagram illustrating another 
embodiment of the method for comparing an image to a 
planogram to generate a suggestion or corrective action. 
0027 FIG. 17B a flow diagram illustrating one embodi 
ment of a method for finding geometrically consistent 
matches. 
(0028 FIGS. 18A-18E3 and 19A-19D are graphical repre 
sentations of example visualizations of recognized products. 
(0029 FIGS. 20A-20B and 21 are graphical representa 
tions of example visualizations showing recognized prod 
ucts and gaps. 
0030 FIGS. 22A-22D are block diagrams showing 
example graphical representations of brand chunking. 
0031 FIGS. 23A-23B are graphical representations of 
examples of linear groupings. 
0032 FIGS. 24A-24E are graphical representations of 
examples of linear grouping matching. 
0033 FIGS. 25A-25B are example block diagrams of 
aligning product facing chunks. 
0034 FIGS. 26A-26D are graphical representations of 
examples of connecting image results with a planogram. 
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0035 FIG. 27 is a graphical representation of an example 
of unconnected image result. 
0036 FIG. 28A-28B are graphical representations of 
examples of recognized products in linear groups. 
0037 FIGS. 29A-29B are block diagrams of examples of 
share of shelf. 
0038 FIG. 30 is a block diagram of an example of a 
developed rule based on comparisons. 
0039 FIG. 31 is a block diagram of an example of a 
developed rule. 
0040 FIG. 32 is a flow diagram illustrating a third 
embodiment of the method for comparing an image to a 
planogram to generate a suggestion or corrective action. 
0041 FIG. 33 is a flow diagram of an embodiment of a 
method for determining whether a gap contains a product. 
0042 FIG. 34 is a flow diagram of an embodiment of a 
method for performing brand chunking. 
0043 FIG. 35 is a flow diagram of an embodiment of a 
method for performing alignment. 
0044 FIG. 36 is a graphical representation of an example 
of comparing an image with a planogram. 

DETAILED DESCRIPTION 

0045 FIG. 1 is a high-level block diagram illustrating 
one embodiment of a system 100 for classifying conditions 
of a data stream of an object. In some embodiments, an 
image may be the result of panoramic Stitching of multiple 
images. In some embodiments, an image is understood to be 
any or all of multiple images from a scene that may include 
information describing the relationships between the 
images. The illustrated system 100 may have client devices 
115a . . . 115m that can be accessed by users and a 
recognition server 101. In FIG. 1 and the remaining figures, 
a letter after a reference number, e.g., “115a,” represents a 
reference to the element having that particular reference 
number. A reference number in the text without a following 
letter, e.g., "115.” represents a general reference to instances 
of the element bearing that reference number. In the illus 
trated embodiment, these entities of the system 100 are 
communicatively coupled via a network 105. 
0046. The network 105 can be a conventional type, wired 
or wireless, and may have numerous different configurations 
including a star configuration, token ring configuration or 
other configurations. Furthermore, the network 105 may 
include a local area network (LAN), a wide area network 
(WAN) (e.g., the Internet), and/or other interconnected data 
paths across which multiple devices may communicate. In 
some embodiments, the network 105 may be a peer-to-peer 
network. The network 105 may also be coupled to or include 
portions of a telecommunications network for sending data 
in a variety of different communication protocols. In some 
embodiments, the network 105 may include Bluetooth com 
munication networks or a cellular communications network 
for sending and receiving data including via short messaging 
service (SMS), multimedia messaging service (MMS), 
hypertext transfer protocol (HTTP), direct data connection, 
WAP, email, etc. Although FIG. 1 illustrates one network 
105 coupled to the client devices 115 and the recognition 
server 101, in practice one or more networks 105 can be 
connected to these entities. 
0047. In one embodiment, the system 100 includes a 
recognition server 101 coupled to the network 105. In some 
embodiments, the recognition server 101 may be either a 
hardware server, a software server, or a combination of 
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software and hardware. The recognition server 101 may be, 
or may be implemented by, a computing device including a 
processor, a memory, applications, a database, and network 
communication capabilities. In the example of FIG. 1, the 
components of the recognition server 101 are configured to 
implement an image recognition application 103a described 
in more detail below. In one embodiment, the recognition 
server 101 provides services to a consumer packaged goods 
firm for identifying products on shelves, racks, or displayS. 
While the examples herein describe recognition of products 
in an image of shelves. Such as a retail display, it should be 
understood that the image may include any arrangement of 
organized objects. For example, the image may be of a 
warehouse, stockroom, storeroom, cabinet, etc. Similarly, 
the objects, in addition to retail products, may be tools, parts 
used in manufacturing, construction or maintenance, medi 
cines, first aid Supplies, emergency or safety equipment, etc. 
0048. In some embodiments, the recognition server 101 
sends and receives data to and from other entities of the 
system 100 via the network 105. For example, the recogni 
tion server 101 sends and receives data including images of 
objects to and from the client device 115. The images of 
objects received by the recognition server 101 can include 
an image captured by the client device 115, an image copied 
from a website or an email, or an image from any other 
Source. Although only a single recognition server 101 is 
shown in FIG. 1, it should be understood that there may be 
any number of recognition servers 101 or a server cluster. 
(0049. The client device 115 may be a computing device 
that includes a memory, a processor and a camera, for 
example a laptop computer, a desktop computer, a tablet 
computer, a mobile telephone, a Smartphone, a personal 
digital assistant (PDA), a mobile email device, a webcam, a 
user wearable computing device or any other electronic 
device capable of accessing a network 105. The client device 
115 provides general graphics and multimedia processing 
for any type of application. The client device 115 includes a 
display for viewing information provided by the recognition 
server 101. While FIG. 1 illustrates two client devices 115a 
and 115m, the disclosure applies to a system architecture 
having one or more client devices 115. 
0050. The client device 115 is adapted to send and 
receive data to and from the recognition server 101. For 
example, in one embodiment, the client device 115 sends a 
query image to the recognition server 101 and the recogni 
tion server 101 provides data in JSON (JavaScript Object 
Notation) format about one or more objects recognized in 
the query image to the client device 115. 
0051. The image recognition application 103 may 
include software and/or logic to provide the functionality for 
generating a data stream including information of a plurality 
of objects based on processing one or more images with the 
objects, classifying conditions of the data stream and gen 
erating Suggestion based on a condition, among other things. 
In some embodiments, the image recognition application 
103 can be implemented using programmable or specialized 
hardware. In some embodiments, the image recognition 
application 103 can be implemented using a combination of 
hardware and Software. In other embodiments, the image 
recognition application 103 may be stored and executed on 
a combination of the client devices 115 and the recognition 
server 101, or by any one of the client devices 115 or 
recognition server 101. 
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0052. In some embodiments, the image recognition appli 
cation 103b acts as a thin-client application with some 
functionality executed on the client device 115 and addi 
tional functionality executed on the recognition server 101 
by image recognition application 103a. For example, the 
image recognition application 103b on the client device 115 
could include Software and/or logic for capturing the image, 
transmitting the image to the recognition server 101, and 
displaying image recognition results. A thin-client applica 
tion 103b may include further functionality described herein 
with reference to image recognition application 103. Such as 
processing the image and performing feature identification. 
0053. In some embodiments, the image recognition appli 
cation 103 receives an image. For example, the image may 
be of a shelf stocking breakfast cereal boxes in a retail 
Supermarket. The image recognition application 103 deter 
mines a plurality of objects from the image. In some 
embodiments, the image recognition application 103 may 
identify an object (e.g., a breakfast box) from the image. In 
other embodiments, the image recognition application 103 
may determine an unindexed object (e.g., a red box with a 
flower on it) from the image without discovering a matching 
object in a database. The image recognition application 103 
generates a data stream including information of the plural 
ity of objects collected at one time or over time. For 
example, the data stream may include prices of a product 
every week. 
0054 The image recognition application 103 determines 
various conditions such as out of stock condition, recall 
condition, etc., from the data stream and automatically 
generates a Suggestion based on the condition. The Sugges 
tion can be advice for performing a corrective action. For 
example, for a new product condition where an unindexed 
product is not yet identified, the image recognition applica 
tion 103 generates advice for capturing additional informa 
tion of the unindexed product, updating the data stream with 
the additional information, and adding the additional infor 
mation to the database for indexing the product. The Sug 
gestion can also be a notification. Continuing with the above 
example, the image recognition module 103 may generate a 
notification notifying the presence of the new product for 
purpose of competitive awareness and tracking, or notifying 
that the portion of data may be used in making a business 
plan. The operation of the image recognition application 103 
and the functions listed above are described in more detail 
below with reference to FIGS. 3-12. 

0055. The approach described herein is advantageous in 
many ways. The image recognition application 103 collects 
data in a greater frequency than that of human Surveys, field 
work, etc., and generates a data stream including up-to-date 
data. The image recognition application 103 can then gen 
erate real-time feedback based on the up-to-date data. For 
example, the image recognition application 103 can instruct 
a representative to get stock of a product at the same day the 
product stock out occurs. Also the image recognition appli 
cation 103 generates practical feedback or Suggestion for a 
user to perform an action. For example, the image recogni 
tion application 103 tells a user at which location a product 
is misplaced, which product should be placed at that loca 
tion, and to which location the misplaced product should be 
moved. The image recognition application 103 automati 
cally generates a Suggestion that provides accurate instruc 
tions or solutions to address difficult problems for a human. 
For example, for the situation such as a “hidden out of stock” 
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in a store where a missing product has been covered up with 
a different product in the same space, a store representative 
may not realize there is a problem, much less solving the 
problem. However, the image recognition application 103 
can automatically discover Such problem and provide clear 
and accurate Solution. In addition, the image recognition 
application 103 presents graphical data to a user to vividly 
and intuitively understand a problem. 
0056. In some embodiments, the image recognition appli 
cation 103 may perform a matching between an image and 
a planogram to generate real world ground truths. The image 
recognition application 103 may match by aligning the 
planogram, or a portion of the planogram, with the image, or 
a portion of the image. The image recognition application 
103 may identify expected products within the planogram 
and the location of where corresponding products should be 
in the image. In some embodiments, the alignment by the 
image recognition application 103 may use imperfect rec 
ognition results, where expected products from the plano 
gram do not perfectly match with corresponding products in 
the image. These imperfect recognition results may be 
generated by the image recognition application 103 using 
images from various image capture and processing systems 
(not shown). In further embodiments, the image recognition 
application 103 may identify visually similar products using 
a similar product graph model to generate visually similar 
recommendations. The image recognition application 103 
may provide the visually similar recommendations to the 
user interface module 213 for manual comparison. The 
results of the manual comparison may be used as real world 
ground truth data. 
0057. In some embodiments, the image recognition appli 
cation 103 may perform product recognition using plano 
gram matching. In some embodiments, the image recogni 
tion application 103 performs product recognition by 
performing product detection and product classification. In 
further implementations, the image recognition application 
103 may be configured to perform a second product recog 
nition after a first product recognition. In the second product 
recognition, the product detection is to identify locations 
where products are expected using a planogram, but no 
products were found in those locations in the first product 
recognition. 
0.058 FIG. 2 is a block diagram illustrating one embodi 
ment of a computing device 200 including an image recog 
nition application 103. The computing device 200 may also 
include a processor 235, a memory 237, a communication 
unit 241, and data storage 243 according to Some examples. 
The components of the system 200 are communicatively 
coupled to a bus or software communication mechanism 220 
for communication with each other. In some embodiments, 
the computing device 200 may be a client device 115, a 
recognition server 101, or a combination of a client device 
115 and a recognition server 101. 
0059. The processor 235 may execute software instruc 
tions by performing various input/output, logical, and/or 
mathematical operations. The processor 235 may have vari 
ous computing architectures to process data signals includ 
ing, for example, a complex instruction set computer (CISC) 
architecture, a reduced instruction set computer (RISC) 
architecture, and/or an architecture implementing a combi 
nation of instruction sets. The processor 235 may be physi 
cal and/or virtual, and may include a single processing unit 
or a plurality of processing units and/or cores. In some 
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implementations, the processor 235 may be capable of 
generating and providing electronic display signals to a 
display device, Supporting the display of images, capturing 
and transmitting images, performing complex tasks includ 
ing various types of feature extraction and sampling, etc. In 
some implementations, the processor 235 may be coupled to 
the memory 237 via the bus 220 to access data and instruc 
tions therefrom and store data therein. The bus 220 may 
couple the processor 35 to the other components of the 
computing device 200 including, for example, the memory 
237, the communication unit 241, the image recognition 
application 103, and the data storage 243. It will be apparent 
to one skilled in the art that other processors, operating 
systems, sensors, displays and physical configurations are 
possible. 
0060. The memory 237 may store and provide access to 
data for the other components of the computing device 200. 
The memory 237 may be included in a single computing 
device or distributed among a plurality of computing devices 
as discussed elsewhere herein. In some implementations, the 
memory 237 may store instructions and/or data that may be 
executed by the processor 235. The instructions and/or data 
may include code for performing the techniques described 
herein. For example, in one embodiment, the memory 237 
may store the image recognition application 103. The 
memory 237 is also capable of storing other instructions and 
data, including, for example, an operating system, hardware 
drivers, other software applications, databases, etc. The 
memory 237 may be coupled to the bus 220 for communi 
cation with the processor 235 and the other components of 
the computing device 200. 
0061 The memory 237 may include one or more non 
transitory computer-usable (e.g., readable, writeable) 
device, a static random access memory (SRAM) device, an 
embedded memory device, a discrete memory device (e.g., 
a PROM, FPROM, ROM), a hard disk drive, an optical disk 
drive (CD, DVD, Blu-RayTM, etc.) mediums, which can be 
any tangible apparatus or device that can contain, Store, 
communicate, or transport instructions, data, computer pro 
grams, software, code, routines, etc., for processing by or in 
connection with the processor 235. In some implementa 
tions, the memory 237 may include one or more of volatile 
memory and non-volatile memory. For example, the 
memory 237 may include, but is not limited to, one or more 
of a dynamic random access memory (DRAM) device, a 
static random access memory (SRAM) device, an embedded 
memory device, a discrete memory device (e.g., a PROM, 
FPROM, ROM), a hard disk drive, an optical disk drive 
(CD, DVD, Blu-RayTM, etc.). It should be understood that 
the memory 237 may be a single device or may include 
multiple types of devices and configurations. 
0062. The communication unit 241 is hardware for 
receiving and transmitting data by linking the processor 235 
to the network 105 and other processing systems. The 
communication unit 241 receives data Such as requests from 
the client device 115 and transmits the requests to the 
controller 201, for example a request to process an image 
including a plurality of objects to generate a data stream. The 
communication unit 241 also transmits information includ 
ing advice for performing a corrective action to the client 
device 115 for display, for example, in response to a con 
dition classified from the data stream. The communication 
unit 241 is coupled to the bus 220. In one embodiment, the 
communication unit 241 may include a port for direct 
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physical connection to the client device 115 or to another 
communication channel. For example, the communication 
unit 241 may include an RJ45 port or similar port for wired 
communication with the client device 115. In another 
embodiment, the communication unit 241 may include a 
wireless transceiver (not shown) for exchanging data with 
the client device 115 or any other communication channel 
using one or more wireless communication methods, such as 
IEEE 802.11, IEEE 802.16, Bluetooth R) or another suitable 
wireless communication method. 

0063. In yet another embodiment, the communication 
unit 241 may include a cellular communications transceiver 
for sending and receiving data over a cellular communica 
tions network Such as via short messaging service (SMS), 
multimedia messaging service (MMS), hypertext transfer 
protocol (HTTP), direct data connection, WAP e-mail or 
another Suitable type of electronic communication. In still 
another embodiment, the communication unit 241 may 
include a wired port and a wireless transceiver. The com 
munication unit 241 also provides other conventional con 
nections to the network 105 for distribution of files and/or 
media objects using standard network protocols such as 
TCP/IP, HTTP, HTTPS and SMTP as will be understood to 
those skilled in the art. 
0064. The data storage 243 is a non-transitory memory 
that stores data for providing the functionality described 
herein. The data storage 243 may be a dynamic random 
access memory (DRAM) device, a static random access 
memory (SRAM) device, flash memory or some other 
memory devices. In some embodiments, the data storage 
243 also may include a non-volatile memory or similar 
permanent storage device and media including a hard disk 
drive, a floppy disk drive, a CD-ROM device, a DVD-ROM 
device, a DVD-RAM device, a DVD-RW device, a flash 
memory device, or some other mass storage device for 
storing information on a more permanent basis. 
0065. In the illustrated embodiment, the data storage 243 

is communicatively coupled to the bus 220. The data storage 
243 stores data for analyzing a received image and results of 
the analysis and other functionality as described herein. For 
example, the data storage 243 may store images of a 
plurality of objects received from the client device 115, a 
data stream including object information of the plurality of 
objects, conditions classified from the data stream, and 
advice and notification generated based on one or more 
conditions. The data stored in the data storage 243 is 
described below in more detail. 
0066. In some embodiments, the image recognition appli 
cation 103 may include a controller 201, an image process 
ing module 203, a data stream generator 205, a classification 
module 207, a suggestion module 209, an action module 
211, a user interface module 213, a corrective action module 
215, a gap detector module 217, an alignment module 219, 
and an analytics module 221. The components of the image 
recognition application 103 are communicatively coupled 
via the bus 220. The components of the image recognition 
application 103 may include Software and/or logic to pro 
vide the functionality they perform. In some embodiments, 
the components can be implemented using programmable or 
specialized hardware including a field-programmable gate 
array (FPGA) or an application-specific integrated circuit 
(ASIC). In some embodiments, the components can be 
implemented using a combination of hardware and software 
executable by processor 235. In some embodiments, the 



US 2017/0178060 A1 

components are instructions executable by the processor 
235. In some embodiments, the components are stored in the 
memory 237 and are accessible and executable by the 
processor 235. In some embodiments, one or more of the 
data stream generator 205, the classification module 207, the 
suggestion module 209, the action module 211, the user 
interface module 213, the corrective action module 215, the 
gap detector module 217, and an analytics module 221 are 
optional. 
0067. The controller 201 may include software and/or 
logic to control the operation of the other components of the 
image recognition application 103. The controller 201 con 
trols the other components of the image recognition appli 
cation 103 to perform the methods described below with 
reference to FIGS. 3 and 4. In some implementations, the 
processor 235, the memory 237 and other components of the 
image recognition application 103 can cooperate and com 
municate without the controller 201. 
0068. In some embodiments, the controller 201 sends and 
receives data, via the communication unit 241, to and from 
one or more of a client device 115 and a recognition server 
101. For example, the controller 201 receives, via the 
communication unit 241, an image from a client device 115 
operated by a user and sends the image to the image 
processing module 203. In another example, the controller 
201 receives data for providing a graphical user interface to 
a user from the user interface module 213 and sends the data 
to a client device 115, causing the client device 115 to 
present the user interface to the user. 
0069. In some embodiments, the controller 201 receives 
data from other components of the image recognition appli 
cation 103 and stores the data in the data storage 243. For 
example, the controller 201 may receive information of a 
plurality of objects from the image processing module 203 
and stores the data in the data storage 243. In other embodi 
ments, the controller 201 retrieves data from the data storage 
243 and sends the data to other components of the image 
recognition application 103. For example, the controller 201 
may receive a data stream including information of a plu 
rality of objects from the data storage 243, and transmit the 
data to the image classification module 207. 
0070 The image processing module 203 may include 
software and/or logic to provide the functionality for receiv 
ing and processing one or more images and outputting 
information associated with a plurality of objects determined 
from the one or more images. 
0071. In some embodiments, the image processing mod 
ule 203 receives one or more images for recognition from a 
user. For example, an image may include multiple products 
on a shelf in a retail store. The image can be an image of 
packaged products Such as, rectangular breakfast cereal 
boxes, circular soda bottles, etc. captured by the client 
device 115 at a distance from the shelving unit. The pack 
aged product may include textual and pictorial information 
printed on its surface that distinguishes it from other items 
on the shelf. The packaged product may also sit in an 
arbitrary orientation on the shelf at any given time. 
0072 The image processing module 203 extracts features 
from the one or more received images and matches the 
extracted features to those features stored in the database for 
recognition. The image processing module 203 identifies a 
plurality of objects in the one or more received images 
matching the stored features. The image processing module 
203 returns each identified object along with object infor 
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mation Such as an object identifier, one or more images 
associated with an object, a location of an object, metadata 
related to an object, etc. 
0073. In some embodiments, the image processing mod 
ule 203 determines a unique identifier for an object identi 
fied from the one or more received images. For example, the 
identifier may be a universal product code (UPC) of a 
breakfast box, an international article number, or an inter 
national standard book number (ISBN) of a book. The image 
processing module 203 may also generate an identifier to 
uniquely identify an object, for example, a new product. 
0074. In some embodiments, the image processing mod 
ule 203 determines one or more images associated with an 
identified object. The one or more images can be an object 
image, an indexed image in a database, or an image of a 
plurality of objects. For example, the image processing 
module 203 crops an object from a received image and 
associates the cropped image with the object. In another 
example, the image processing module 203 retrieves an 
indexed image of an object from a database stored on the 
data storage 243 and associates the indexed image with the 
object. In yet another example, when the object is a product 
identified from the one or more images depicting products in 
a retail environment, the image processing module 203 may 
also retrieve an image of the planogram that describes where 
in the retail environment and in what quantity products 
should be located and associate the planogram with the 
product. 
0075. In some embodiments, the image processing mod 
ule 203 determines a location of an identified object. For 
example, the image processing module 203 may identify an 
absolute position of an object in a received image with X-y 
coordinates of the object. The location can also be a relative 
location. For example, the image processing module 203 
may determine the location of product A relative to product 
B from a competitor, or the location of product A relative to 
a shelf, or the location of product A relative to other points 
of reference (e.g., a light Source, a sign). 
0076. In some embodiments, the image processing mod 
ule 203 also determines metadata related to an identified 
object. For example, for a product sitting on a shelf of a 
retailer store, the image processing module 203 may deter 
mine metadata of a product including packaging dimension, 
packaging identifier, price of the product as sold in the 
retailer store, the number of product facing (e.g., one facing 
for one box of a brand, two facings for two boxes of the same 
brand sitting side by side), shelf identifier, width, height, 
depth, area, diagonal length, color, product attributes such as 
product name, product weight, product Volume, product 
description, product size, ingredients, nutritional informa 
tion, manufacturer brand, model number, material, or the 
like. It will be apparent to one skilled in the art that other 
metadata of an identified object might be determined. 
0077. In other embodiments, the image processing mod 
ule 203 may determine from the one or more received 
images information about an object Such as an image of the 
object, a location of the object, metadata related to the object 
(e.g., color, size, etc.). The image processing module 203 
may not match the object information to information stored 
in a database. As a result, the image processing module 203 
labels this object as an unindexed object. 
0078. In some embodiments, the image processing mod 
ule 203 transmits the received images, identified objects, 
unindexed objects and object information to the data stream 
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generator 205. In some embodiments, the image processing 
module 203 receives images captured at different time and 
provides time series data of objects to the data stream 
generator 205. In some embodiments, the image processing 
module 203 transmits the received images, identified 
objects, unindexed objects, and/or object information to the 
alignment module 219. In other embodiments, the image 
processing module 203 also stores the received images, 
identified objects, unindexed objects and object information 
on the data storage 243. 
007.9 The data stream generator 205 may include soft 
ware and/or logic to provide the functionality for generating 
a data stream to include object information determined by 
the image processing module 203. 
0080. The data stream generator 205 receives informa 
tion of an object identified from one or more received 
images. The data stream generator 205 may also receive 
information of an unindexed object determined from the one 
or more received images. The object information associated 
with an object may include an object identifier, one or more 
associated images, a location of the object, metadata related 
to the object, etc. The data stream generator 205 generates 
a data stream including information of a plurality of objects. 
The data stream includes observations of objects in real 
world and ideal data of the objects, which provides useful 
information for improvement in practice. 
0081. In some embodiments, the data stream generator 
205 generates a data stream based on object information 
collected at one time. For example, the image processing 
module 203 processes the images taken at a single visit to a 
single store to identify objects and determine object infor 
mation. The data stream generator 205 generates a single 
event oriented data stream based on the object information 
determined by the image processing module 203. In other 
embodiments, the data stream generator 205 generates a 
time series based data stream of object information, for 
example, from images taken during multiple visits to a store. 
In some other embodiments, the data stream generator 205 
aggregates and Summarizes object information received 
from the image processing module 203 to generate a data 
stream. For example, the data stream generator 205 gener 
ates a data stream by aggregating the object information 
determined from images of multiple stores of the same or 
different type, or by aggregating the object information 
determined from images of multiple stores with the same or 
different local demographics, or by aggregating the object 
information collected over time. In some embodiments, the 
data stream generator 205 transmits the data stream to the 
classification module 207. In other embodiments, the data 
stream generator 205 stores the data stream on the data 
storage 243. 
0082. The classification module 207 may include soft 
ware and/or logic to provide the functionality for classifying 
conditions of a data stream. 

0083. The classification module 207 receives a data 
stream of a plurality of objects and classifies conditions of 
the data stream. In some embodiments, the classification 
module 207 determines a condition from the data stream and 
extracts a portion of data from the data stream based on the 
condition. For simplicity of description, the classification 
module 207 will be described below based on a data stream 
that includes product information of a retail environment. 
The data stream generator 205 generates the data stream 
based on images taken from a single visit to a single store, 
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multiple visits to a single store, and multiple visits to 
multiple stores. It should be understood that the classifica 
tion module 207 can function similarly in other environment 
Such as warehouse, stockroom, store room, cabinet, etc. It 
should also be understood that the classification module 207 
may determine more conditions and extract more data from 
the data stream than example conditions and example 
extracted data described below. 

0084. In some embodiments, the classification module 
207 determines an out of stock or stock out condition from 
the data stream and extracts a portion of data from the data 
stream based on the Stock out condition. In some embodi 
ments, the classification module 207 identifies missing prod 
ucts on a shelf (e.g., based on the voids of the shelf) of an 
image taken from a single visit to a store and determines a 
regular stock out condition. The classification module 207 
extracts location data of the missing products (e.g., X-y 
coordinates of the missing products in the image) from the 
data stream, and associates the extracted data to the regular 
stock out condition. In other embodiments, the classification 
module 207 compares the image taken from a retailer store 
with an image of the planogram that describes where in the 
retailer store and in what quantity products should be 
located, and determines a hidden out of Stock condition by 
identifying products other than a particular product appear 
ing at the positions where the particular product is expected 
be located. By this way, the classification module 207 
automatically detects a hidden out of Stock condition, which 
is hard to be manually discovered in practice. In some 
embodiments, the classification module 207 also identifies 
the unexpected products sitting at the locations of the 
particular product is expected to be. For example, the 
classification module 207 determines that a second product 
and a third product show in the locations of a first product. 
The classification module 207 extracts a portion of data 
including the received image, the planogram image, infor 
mation of the particular product (i.e., the missing product), 
information of the unexpected products, the current loca 
tions of the unexpected products, the expected locations of 
the unexpected products, etc., and associates the extracted 
data to the hidden out of stock condition. 

0085. When the classification module 207 receives the 
time series based data stream including product information 
collected over time, the classification module 207 can track 
and store repetition of stock outs. In some embodiments, the 
classification module 207 tracks and records stock outs of a 
particular product in a particular store based on the data 
stream that is generated from multiple visits to a store at 
different time. In other embodiments, the classification mod 
ule 207 tracks and records frequency of stock outs across 
multiple stores over a time period based on the data stream 
that is generated from multiple visits to multiple stores. It is 
advantageous that the classification module 207 can auto 
matically detect recurring stock outs because it is difficult for 
a person to do so based on his or her memory. 
0086. In some embodiments, the classification module 
207 determines a recall condition from the data stream and 
extracts a portion of data from the data stream based on the 
recall condition. The classification module 207 matches 
product information in the data stream to a list of recall 
products in a database. For example, the classification 
module 207 determines whether a received image of the data 
stream includes the recall products. The classification mod 
ule 207 identifies a recall condition responsive to a match 
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(e.g., determining that the received image includes the recall 
products). In some embodiments, the classification module 
207 flags each recall product on the received image. The 
classification module 207 extracts, from the data stream, a 
portion of data including the received image, locations of the 
recall products (e.g., flagged products) in the received 
image, the list of recall products, etc., and associates the 
extracted data with the recall condition. 

0087. In some embodiments, the classification module 
207 determines a position map condition from the data 
stream and extracts a portion of data from the data stream 
based on the position map condition. The classification 
module 207 receives a product location indicating an actual 
position of the product shown in a received image. The 
product location may indicate an absolute position or a 
relative position of the product. The classification module 
207 compares the actual position of the product to the 
expected position of the product shown in an image of the 
planogram (i.e., the image showing ideal/expected product 
positions) and determines a position map condition based on 
the comparison. In some embodiments, the classification 
module 207 overlays the position information onto the 
image of the planogram or the image of the realogram 
(ROG) (i.e., the received image showing actual product 
positions) to determine a position map condition. 
0088. The position map condition indicates whether a 
product is located at the right place at a time. The position 
map condition also indicates a frequency of a product sitting 
in wrong locations over time. For example, the classification 
module 207 determines that a product is actually positioned 
at places A, A and B in three weeks based on three weekly 
taken images of a retailer store. The classification module 
207 overlays the actual positions A, A and B on images of 
the planogram that show the expect positions A, B and B. 
From the overlaps and non-overlap on the images, the 
classification module 207 determines the position map con 
dition. The condition indicates that the product is misplaced 
in the second week while the product is in its right location 
in the first and third weeks. By tracking product positions 
with the position map condition, the classification module 
207 clearly identifies and visually presents where the wrong 
location is and where the correct location should be. The 
current approaches may notify a user a UPC code in a wrong 
position; however, it has limited use in a store where a large 
amount of products sit on shelves. 
0089. In some embodiments, the classification module 
207 determines a position map condition based on product 
locations in a single store. In other embodiment, the classi 
fication module 207 determines a position map condition 
based on product locations in two or more stores by aggre 
gating location information of the two or more stores if the 
two or more stores have the same planogram. The classifi 
cation module 207 extracts, from the data stream, a portion 
of data including the received image, the planogram image, 
actual locations of a product in the received image, expected 
locations of the product in the planogram image, etc., and 
associates the extracted data and the overlays with the 
position map condition. 
0090. In some embodiments, the classification module 
207 determines a new product condition from the data 
stream and extracts a portion of data from the data stream 
based on the new product condition. In some embodiments, 
the classification module 207 identifies an unindexed prod 
uct from the data stream and determines a new product 
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condition. The information of an unindexed product is 
absent in a database, i.e., the features of unindexed product 
(e.g., luminance, color, package dimension) do not match 
the features stored in the database. The classification module 
207 extracts a portion of data including an image of the 
unindexed image, a location of the unindexed product and 
features of the unindexed product from the data stream. The 
extracted data will be used to combine with additional 
information (e.g., obtained from other resources) to identify 
the product and index the product in the database. In other 
embodiments, the classification module 207 determines a 
new product condition based on identifying a new product 
from competitors’ product information in the data stream. 
For example, the data stream includes competitors’ on-shelf 
inventory that was collected during one or more visits to the 
competitors’ store. The classification module 207 extracts 
the competitor's product information from the data stream 
and associates the extracted data with the new product 
condition. 

0091. In some embodiments, the classification module 
207 determines a price match condition from the data stream 
and extracts a portion of data from the data stream based on 
the price match condition. In some embodiments, the clas 
sification module 207 determines a price match condition 
based on a price adherence score. The price adherence score 
is a measure of an expected price of a product to an actual 
price of the product. For example, the price adherence score 
is the quotient of dividing the expected price by the actual 
price. If the price adherence score for a product is often 
higher or lower than one, the product may be overpriced or 
underpriced. The classification module 207 extracts, from 
the data stream, a portion of data including an actual price 
of a product, an expected price of the product, an image of 
the product, etc., and associates the extracted data and the 
price adherence score with the price match condition. 
0092. In some embodiments, the classification module 
207 determines a representative performance condition from 
the data stream and extracts a portion of data from the data 
stream based on the representative performance condition. 
The classification module 207 determines a representative 
performance condition based on a representative score that 
measures the performance of a retail execution representa 
tive (herein referred as “representative”). In some embodi 
ments, the classification module 207 aggregates information 
Such as planogram compliance, the number of stock outs, the 
frequency of recurring Stock outs for a product, etc., to 
compute a representative score for a representative. The 
planogram compliance indicates a match level between the 
realogram (ROG) and the planogram. For example, the 
classification module 207 computes a higher score for a first 
representative than for a second representative since there is 
no stock outs in the working area of the first representative 
and a number of Stock outs in the working area of the second 
representative during a time period. The classification mod 
ule 207 may also compute a higher representative score for 
the first representative in September than in August. The 
higher the representative score of a representative, the better 
the performance of the representative. The classification 
module 207 extracts, from the data stream, a portion of data 
including a received image of realogram (ROG), an image 
of the planogram, the planogram compliance, the number of 
stock outs, the frequency of recurring stock outs, etc., and 
associates the extracted data and the representative score 
with the representative performance condition. 
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0093. In some embodiments, the classification module 
207 determines a planogram adherence condition from the 
data stream and extracts a portion of data from the data 
stream based on the planogram adherence condition. The 
classification module 207 determines a planogram adher 
ence condition based on a planogram adherence score. In 
some embodiments, the classification module 207 rates 
adherence of a product to the expected X-y coordinates of the 
product to compute a planogram adherence score. For 
example, the classification module 207 determines, from a 
received image, that the product sits on the expected loca 
tion, and determines the planogram adherence score to be 
100. If the product sits on the farthest possible distance from 
the expected X-y coordinates, for example, the expected 
location is the top-left corner of a shelf and the product is 
actually placed at the bottom-right corner of the shelf, the 
classification module determines the planogram adherence 
score to be one. If the product is missing in the received 
image, the classification module 207 determines the plano 
gram adherence score to be Zero. The classification module 
207 may determine the planogram adherence score for a 
single product, some products or all products in a received 
image. The classification module 207 may determine an 
overall planogram adherence score based on the respective 
score for each product in the received image to provide a 
quick insight into overall planogram compliance. The clas 
sification module 207 extracts, from the data stream, a 
portion of data including a received image, an image of the 
planogram, the actual locations of a product, the expected 
locations of the product, etc., and associates the extracted 
data and the planogram adherence score(s) with the plano 
gram adherence condition. 
0094. In some embodiments, the classification module 
207 determines a profit adherence condition from the data 
stream and extracts a portion of data from the data stream 
based on the profit adherence condition. The classification 
module 207 determines a profit adherence condition based 
on a profit credit score. The profit credit score is used to 
provide feedback on profit potential of positions on shelves 
of product in realogram. In some embodiments, the classi 
fication module 207 receives locations of products in a 
received image and computes a profit credit score for a 
product based on the position of a product relative to a shelf 
and the position of the product relative to other products on 
the same shelf. The classification module 207 may assign a 
profit credit score of 100 to a highest profit position (e.g., the 
middle position of the second top shelf) and assign a profit 
credit score of one to a lowest profit position (e.g., the left 
corner of the bottom shelf). In some embodiments, the 
classification module 207 also aggregates the profit credit 
scores to determine an overall score of the product across 
multiple stores, which may then be compared to store 
demographics for further analysis. The classification module 
207 extracts, from the data stream, a portion of data includ 
ing a received image of realogram, an image of the plano 
gram, the locations of products, the number of Stock outs, 
the frequency of recurring stock outs, etc., and associates the 
extracted data and the profit credit score(s) with the profit 
adherence condition. 

0095. The suggestion module 209 may include software 
and/or logic to provide the functionality for generating a 
Suggestion based on the condition determined from the data 
Stream. 
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0096. The suggestion module 209 receives a condition 
and a portion of data associated with the condition from the 
classification module 207 and generates one or more Sug 
gestions based on the condition. In some embodiments, a 
Suggestion is advice for performing a corrective action. In 
other embodiments, a Suggestion is a notification notifying 
the portion of data and describing potential usage of the 
portion of data. 
0097. In some embodiments, the suggestion module 209 
receives an out of stock condition and generates advice for 
performing a corrective action based on the out of stock 
condition. For example, the Suggestion module 209 gener 
ates advice for finding the missing products from the inven 
tory and replacing voids of a shelf with the missing products. 
For a hidden out of Stock condition, the Suggestion module 
209 may also generate advice for relocating the misplaced 
products. Responsive to out of Stock conditions determined 
over time (e.g., repetition of stock outs), the Suggestion 
module 209 may suggest a discussion about whether to 
change the product order or the order frequency. 
0098. In some embodiments, the suggestion module 209 
receives a recall condition and generates advice for perform 
ing a corrective action based on the recall condition. For 
example, the Suggestion module 209 generates advice for 
pulling recalled products from the shelves and from store 
inventory. 
0099. In some embodiments, the suggestion module 209 
receives a position map condition and generates advice for 
performing a corrective action based on the position map 
condition. For example, the Suggestion module 209 gener 
ates advice for repositioning a product. In other embodi 
ments, responsive to receiving the position map condition 
and a portion of data associated with the position map 
condition, the Suggestion module 209 may also generate a 
notification describing potential usage of the portion of data. 
For example, the Suggestion module 209 generates a noti 
fication notifying that the portion of data should be merged 
with sales Volume and profit data Such that repositioning of 
products is based on overall shelf profit and is automatic. 
The Suggestion module 209 may also generate a notification 
notifying that the portion of data can be used for feedback 
to in-store stockers or the portion of data should be com 
pared against Sales data to determine how the portion of data 
impacts the sales data. 
0100. In some embodiments, the suggestion module 209 
receives a new product condition and generates advice for 
performing a corrective action based on the position map 
condition. For example, the Suggestion module 209 gener 
ates advice for capturing additional information of the 
unindexed product, updating the data stream with the addi 
tional information, and adding the additional information to 
the database for indexing the product. In other embodiments, 
responsive to receiving the new product condition and a 
portion of data associated with the new product condition, 
the Suggestion module 209 may also generate a notification. 
For example, the Suggestion module 209 generates a noti 
fication notifying the presence of the new product for 
purpose of competitive awareness and tracking, or notifying 
that the portion of data may be used in making a business 
plan. 
0101. In some embodiments, the suggestion module 209 
receives a price match condition and generates a notification. 
For example, the Suggestion module 209 generates a noti 
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fication notifying the price adherence Sore and how this 
score can be used in adjusting business plan (e.g., adjusting 
the over-priced product). 
0102. In some embodiments, the suggestion module 209 
receives a representative performance condition and gener 
ates advice for performing a corrective action based on the 
representative performance condition. For example, the Sug 
gestion module 209 generates advice of changing personal 
behavior or suggesting where in depth assessments may be 
required. In other embodiments, the suggestion module 209 
may also generate a notification of the representative score 
for a representative and how this score may change job focus 
of the representative. 
0103) In some embodiments, the suggestion module 209 
receives a planogram adherence condition and generates a 
notification. For example, the Suggestion module 209 gen 
erates a notification notifying the planogram adherence 
score, the relationship between this score and overall plano 
gram compliance, and an instruction to adjust the planogram 
compliance based on the score. 
0104. In some embodiments, the suggestion module 209 
receives a profit adherence condition and generates a noti 
fication. For example, the Suggestion module 209 generates 
a notification notifying the profit credit score and an instruc 
tion to maximize the profit of each given shelf arrangement 
based on the score. 

0105. The action module 211 may include software and/ 
or logic to provide the functionality for performing an action 
based on the received advice and notification. 
0106. In some embodiments, the action module 211 
receives advice and notification generated based on one or 
more conditions and determines one or more recipients for 
the advice and notification. A recipient can be a represen 
tative, a store manager, a category manager, a product 
manager, a space planner, a manufacture staff, etc. In some 
embodiments, the action module 211 determines the recipi 
ent for the advice and notification based on the condition. 
For example, the action module 211 determines the advice 
and notification generated based on the price match condi 
tion should be sent to a category manager. In other embodi 
ments, the action module 211 determines the recipient for 
the advice and notification based on the content of the advice 
and notification. For example, the action module 211 deter 
mines that the recipients of the notification including a 
representative score for a representative are the representa 
tive and a store manager. 
0107 The action module 211 transmits the advice and 
notification to the recipient. The action module 211 also 
transmits to the recipient a portion of data associated with 
the condition based on which the advice and notification was 
generated. The data (e.g., images or other graphical data) 
presented to a recipient may help the recipient easily under 
stand the problem. For example, the recipient intuitively 
sees where the product is missing or misplaced from a 
received image. The recipient may perform a corrective 
action based on the advice and the portion of data. Based on 
receiving a notification, the recipient may also use the 
portion of data for further analysis and make a future plan or 
decision based on the analysis. For example, a user can 
determine his or her own corrective action to be performed 
based on the notification. 
0108 For example, responsive to receiving advice, noti 
fication, a portion of data determined based on the out of 
stock condition, a representative may get stock and replace 
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Voids, or relocate misplaced products and fix hidden stock 
out problem, or discuss with the store manager as whether 
to change the product order. Responsive to receiving advice, 
notification, a portion of data determined based on the recall 
condition, a representative may pull the recall product from 
the shelves. Responsive to receiving advice, notification, a 
portion of data determined based on the position map 
condition, a representative may reposition the product. A 
category manager and a space planner may compare the 
portion of data against Sales data, and factor into next season 
planning, profit expectations, sales expectations, etc. 
Responsive to receiving advice, notification, a portion of 
data determined based on the new product condition, a 
representative may capture additional information of an 
unindexed product and update the data stream and a data 
base with the additional information. A category manager 
and a product manager may change business plans, products, 
etc. based on what competitors are doing with the new 
product. Responsive to receiving advice, notification, a 
portion of data determined based on the price match condi 
tion, a category manager may adjust business plans, store 
agreements, etc. Responsive to receiving advice, notifica 
tion, a portion of data determined based on the representa 
tive performance condition, a representative may change his 
or her own behavior and a store manager may change how 
to focus on representative performance and which represen 
tative to spend more time with. Responsive to receiving 
advice, notification, a portion of data determined based on 
the planogram adherence condition, a representative 
receives high level scores that give a quick insight into 
overall planogram and as a result adjusts time spent on 
planogram compliance. Responsive to receiving advice, 
notification, a portion of data determined based on the profit 
adherence condition, a manufacturer staff can plan shelf 
space to maximize the profit of each given shelf arrange 
ment. A category manager and a space planner may adjust 
future planograms based on the relationship between the 
overall profit credit scores, the overall profit credit score per 
product, the sales Volume and net profit of each product. 
0109. In some embodiments, the action module 211 
receives acknowledgement that a recipient has performed a 
first action based on the advice and notification, and per 
forms a second action based on the acknowledgement. For 
example, the action module 211 receives an image from a 
representative showing the recall products having been 
removed from the shelves, and generates and sends a noti 
fication to the manufacture staff about the completion of the 
recall. In another example, the action module 211 receives 
acknowledgement of price adjustment and triggers the 
update of the data stream, e.g., the image processing module 
203 receives an image of the new price tags and the data 
stream generator 205 adds the image to the data stream. 
0110. The user interface module 213 may include soft 
ware and/or logic for providing user interfaces to a user. 
0111. In some embodiments, the user interface module 
213 receives instructions from the image processing module 
203 to generate a graphical interface that instructs the user 
to capture an image of a retail shelf stocking products. In 
Some embodiments, the user interface module 213 generates 
a graphical image for displaying the advice and notification. 
In some embodiments, the user interface module 213 may 
generate a graphical image with a picture of an unidentified 
product and pictures of products with known identity for 
manual comparison to identify the unidentified product. In 
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other embodiments, the user interface module 213 sends the 
graphical user interface data to an application (e.g., a 
browser) in the client device 115 via the communication unit 
241 causing the application to display the data in a user 
interface. 

0112 The corrective action module 215 may include 
Software and/or logic for providing corrective actions to a 
user. In some embodiments, the corrective action module 
215 receives instructions from the image processing module 
203 to provide a corrective action to a user. In some 
embodiments, the corrective action module 215 may com 
pare an image and a planogram to determine a difference and 
provide a corrective action to a user or a back-end system 
based on the difference. In other embodiments, the correc 
tive action module 215 may receive alignment information 
from a comparison between an image and a planogram from 
the alignment module 219. In other embodiments, the cor 
rective action module 215 receives information from the 
data stream generator 205 related to an image and uses that 
image to determine a corrective action. In some embodi 
ments, the corrective action module 215 determines correc 
tive actions based on processing by classification module 
207, suggestion module 209, action module 211 and gap 
detector module 217. In other embodiments, the corrective 
action module 215 sends the corrective action data to an 
application (e.g., a browser) in the client device 115 via the 
communication unit 241 causing the application to present 
the corrective action. 

0113. The gap detector module 217 may include software 
and/or logic for detecting a gap in a sequence of closely 
positioned products on a shelf included in an image of the 
shelf. In some embodiments, the gap detector module 217 
receives information from the image processing module 203 
and uses that information to determine a gap in an image. In 
other embodiments, the gap detector module 217 may 
receive information from the data stream generator 205 and 
use the information to determine a gap in an image. In other 
embodiments, the gap detector module 217 may send infor 
mation related to gaps in an image to an application (e.g., a 
browser) in the client device 115 via the communication unit 
241 for the application to use the information related to gaps 
in the image. 
0114. The alignment module 219 may include software 
and/or logic for aligning an image and a planogram. In some 
embodiments, the alignment module 219 may receive infor 
mation from the image processing module 203 related to the 
image and use that information to align the image and a 
planogram. In other embodiments, the alignment module 
219 may receive information from another component of the 
image recognition application 103 and use that information 
to align the image and the planogram. In some embodi 
ments, the alignment module 219 may compare the aligned 
image and planogram to determine differences for corrective 
actions. In some embodiments, the alignment module 219 
may compare the aligned image and planogram to determine 
locations of expected products for determining ground truth. 
In some embodiments, the alignment module 219 may send 
alignment information to the gap detector module 217. 
which may provide information related to gaps to the image 
processing module 203 for further processing to recognize 
products in the gaps. In other embodiments, the alignment 
module 219 may align the image and planogram and send 
the alignment information to the data stream generator 205 
for further processing. In other embodiments, the alignment 

Jun. 22, 2017 

module 219 may align the image and planogram and send 
the alignment information to the analytics module 221 for 
further processing. In some embodiments, the alignment 
module 219 may performalignment of portions of the image 
and the planogram. 
0115 The analytics module 221 may include software 
and/or logic for processing and comparing an image and a 
planogram. In some embodiments, the analytics module 221 
may include Software and/or logic for performing actions 
Such as determining brand chunks, aligning chunks and 
products, pruning candidates based on planogram informa 
tion, or generating share of shelf reports. In some embodi 
ments, the analytics module 221 may receive information 
from the image processing module 203 and further analyze 
the information. In some embodiments, the analytics module 
221 may process information and provide the information to 
the corrective action module 215 to present a corrective 
action to a user. In other embodiments, the analytics module 
221 generates analytics information and provides it to the 
user via user interface or a report or warning. 
0116 FIG. 3 is a flow diagram 300 illustrating one 
embodiment of a method for generating an advice for 
performing a corrective action based on a condition. As 
described above, the image recognition application 103 may 
include an image processing module 203, an alignment 
module 219, a data stream generator 205, a classification 
module 207, a suggestion module 209, and an action module 
211. At 302, the image processing module 203 receives one 
or more images. At 304, the image processing module 203 
determines a plurality of objects from the one or more 
images. In some embodiments, the image processing module 
203 identifies objects in the one or more images based on 
extracting features from the one or more images and match 
ing the extracted features to those features stored in the 
database for recognition. In other embodiments, the image 
processing module 203 determines one or more unindexed 
objects from the one or more images, where information of 
the unindexed objects does not match information stored in 
the database. At 305, the alignment module 219 aligns the 
plurality of objects to a planogram. At 306, the data stream 
generator 205 generates a data stream including information 
of the plurality of objects. The object information may 
include an object identifier, one or more associated images, 
a location of an object (including location with respect to the 
planogram), metadata related to the object, etc. 
0117. At 308, the classification module 207 determines a 
condition from the data stream. In some embodiments, the 
condition can be one of the group of a regular out of Stock 
condition, a hidden out of stock condition, a recall condition, 
a position map condition, a new product condition, a price 
match condition, a representative performance condition, a 
planogram adherence condition and a profit adherence con 
dition. At 310, the classification module 207 extracts a 
portion of data from the data stream. At 312, the Suggestion 
module 209 generates advice for performing a corrective 
action based on the condition. For example, for the out of 
stock condition, the Suggestion module 209 generates advice 
for finding the missing products from the inventory and 
replacing voids of a shelf with the missing products. At 314, 
the action module 211 transmits the advice and the portion 
of data to a user for performing the corrective action. In 
some embodiments, the action module 211 receives the 
advice and determines one or more recipients for the advice. 
At 316, the data stream generator 205 updates the data 
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stream responsive to the corrective action having been 
performed. For example, the action module 211 receives 
acknowledgement of price adjustment and triggers the 
update of the data stream, e.g., the image processing module 
203 receives an image of the new price tags and the data 
stream generator 205 adds the image to the data stream. 
0118 FIG. 4 is a flow diagram 400 illustrating one 
embodiment of a method for generating a notification 
describing potential usage of a portion of data associated 
with a condition. As described above, the image recognition 
application 103 may include an image processing module 
203, a data stream generator 205, a classification module 
207, a suggestion module 209 and an action module 211. At 
402, the image processing module 203 receives one or more 
images. At 404, the image processing module 203 deter 
mines a plurality of objects from the one or more images. At 
406, the data stream generator 205 generates a data stream 
including information of the plurality of objects. At 408, the 
classification module 207 determines a condition from the 
data stream. At 410, the classification module 207 extracts a 
portion of data from the data stream. At 412, the Suggestion 
module 209 generates a notification notifying the portion of 
data and describing potential usage of the portion of data. At 
414, the action module 211 transmits the notification and the 
portion of data to a user for further analysis. For example, 
the Suggestion module 209 generates a notification notifying 
the presence of a new product for purpose of competitive 
awareness and tracking, or notifying that the portion of data 
may be used in making a business plan. 
0119 FIG. 5 is a graphical representation 500 of an 
example out of stock condition. 
0120 Images 502 and 504 depict shelves of a store before 
and after adjustment. The classification module 207 deter 
mines an out of Stock condition, for example, based on 
identifying voids on the bottom shelf 506 of image 502. The 
Suggestion module 209 generates advice for a representative 
to get stock of the product and replace voids of the bottom 
shelf 506 with the missing product. As a result, a number of 
products are placed on the bottom shelf 508 as shown in 
image 504. 
0121 FIG. 6 is a graphical representation 600 of an 
example recall condition. Images 602 and 604 depict shelves 
of a store before and after adjustment. The classification 
module 207 compares image 602 with a list of recall 
products stored in a database, and determines a recall 
condition. In the example of FIG. 6, all the breakfast cereal 
boxes with “X” label or cereal X should be recalled. The 
Suggestion module 209 generates advice for a representative 
to pull cereal Xboxes from the shelves. As a result, the left 
side of the shelves 608, where the cereal Xboxes were 
placed, is empty as shown in image 604. 
0122 FIG. 7 is a graphical representation 700 of an 
example position map condition. Images 702 and 704 depict 
shelves of a store before and after adjustment. The classi 
fication module 207 compares image 702 with an image of 
a planogram by overlaying the image 702 on the image of 
the planogram. From the overlay, the classification module 
207 determines two non-overlaps. At locations 706 and 710, 
two green tea boxes are identified from image 702 while two 
breakfast cereal boxes are identified from the image of the 
planogram. As a result, the Suggestion module 209 generates 
advice for a representative to reposition the green tea boxes 
at locations 706 and 710 of image 702. The representative 
performed the corrective action and captured an image 704 
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after correction. As shown in image 704, two breakfast 
cereal boxes are placed at locations 708 and 712 correspond 
ing to locations 706 and 710 of image 702. 
I0123 FIG. 8 is a graphical representation 800 of an 
example new product condition. Images 802 and 804 depict 
shelves of a store before and after adjustment. The classi 
fication module 207 determines a new product condition 
based on information about an unindexed product at location 
806 of image 802. The product information includes an 
image of the package, a package size, a product description 
(e.g., the flower logo), which cannot be matched to infor 
mation stored in a database. The suggestion module 209 
generates advice for a representative to capture additional 
information of the unindexed product. The additional infor 
mation is used to recognize the product as green tea. As a 
result, the product at location 808 of image 804 is shown as 
green tea. The additional information is also added to the 
database for indexing and used to update the data stream. 
0.124 FIG. 9 is a graphical representation 900 of an 
example price match condition. Images 902 and 904 depict 
shelves of a store before and after adjustment. The classi 
fication module 207 receives an actual price of a product 
from image 902 and an expected price of the product from 
an image of a planogram, and computes a price adherence 
score for the product based on the expected price and the 
actual price of the product. The classification module 207 
may compute multiple price adherence scores for the prod 
uct based on images 902 taken from the store at different 
time. The classification module 207 determines a price 
match condition based on the price adherence scores. The 
suggestion module 209 provides the time series price adher 
ence scores to a category manager. The category manager 
may determine to reduce the order of cereal Y since the sales 
data of cereal Y is lower than expected even if its price 
adherence scores over time show that the cereal Y is already 
underpriced. Image 902 shows an amount of cereal Y 
located at positions of shelves such as locations 906 and 910. 
After the category manager changed the product order, 
image 904 shows cereal Y is replaced by cereal Z at 
locations 908 and 912 corresponding to locations 906 and 
910 in image 902. Compared with image 902, the total 
amount of cereal Y is reduced in image 904. 
(0.125 FIG. 10 is a graphical representation 1000 of an 
example representative performance condition. Image 1002 
shows working area of a first representative. Image 1004 
shows working area of a second representative. The two 
representatives may work in two different stores with the 
same planogram. The classification module 207 determines 
representative performance condition based on representa 
tive scores for the first and second representatives. The 
classification module 207 computes a representative score 
1006 of one for the first representative based on the out of 
stock products shown in image 1002. The classification 
module 207 also computes a representative score 1008 of 
five for the second representative based on lack of stock out 
product shown in image 1004. Responsive to receiving 
scores from the suggestion module 209, the first and second 
representatives may understand their scores and improve 
their performance accordingly. 
0.126 FIG. 11 is a graphical representation 1100 of an 
example planogram adherence condition. Image 1102 
depicts products sitting on shelves of a store. The classifi 
cation module 207 determines a planogram adherence con 
dition based on a planogram adherence score. The plano 
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gram adherence score gives users overall insight of 
planogram compliance. As shown in image 1102, the clas 
sification module 207 determines that the product sits on the 
expected location 1104 and determines the planogram adher 
ence score to be 100. The classification module 207 deter 
mines that the product at location 1106 actually sits on the 
farthest possible distance from its expected X-y coordinates 
(e.g., its expected location is 1108), and determines the 
planogram adherence score to be one. The classification 
module 207 determines the planogram adherence score to be 
Zero at location 1110 since the product is missing at this 
location. 

0127 FIG. 12 is a graphical representation 1200 of an 
example profit adherence condition. Images 1202 and 1204 
depict shelves of a store before and after adjustment. The 
classification module 207 determines a profit adherence 
condition based on a profit credit score. The profit credit 
score is used to provide feedback on profit potential of 
positions on shelves of product in image 1202. The Sugges 
tion module 209 transmits the score to a category manager. 
The category manager determines that the popular cereal Z 
should be positioned at the high score positions (i.e., the top 
two shelves) to increase the profit. As a result, cereals X and 
Y on shelf 1206 of image 1202 are relocated to bottom 
shelves in image 1204. Also cereal Z is moved from low 
shelves to the top shelf 1208 in image 1204. 
0128 FIG. 13A is a graphical representation 1300 show 
ing a comparison of a planogram 1304 with an image 1302. 
The planogram 1304 includes a mapping of where products 
should appear on a product shelf in a store. The image 1302 
may be an image of an actual product shelf in the store that 
ideally corresponds to the placement and existence of prod 
ucts on the planogram 1304. In some embodiments, the 
image 1302 may be referred to as a “realogram'. More 
specifically, the terms “realogram.” “realogram image' and 
'scene are used interchangeably in this application to an 
image of a product shelf or display. The image may be one 
or more images or a plurality of images Stitched together. In 
the image 1302, a portion of the shelf 1308 includes prod 
ucts that match with corresponding portions of the image 
1304. This shelf portion 1308 indicates products that are 
correctly stocked on the shelf shown in the image 1302. A 
product 1306 in an image 1302 may not match with the 
sample product appearing on the planogram 1304. In this 
graphical representation 1300, the product 1306 is different 
from the product mapped on the planogram 1304. This may 
be an example of a hidden out of stock item, where the shelf 
in the image 1302 includes a product, however the product 
is not the product that should be present on that shelf In other 
examples, an out of stock item may be identified by the 
comparison between the planogram 1304 and the image 
1302 identifying empty spots (e.g., locations) in the image 
1302 that should include a specific product shown in the 
planogram 1304. It should be understood that the compari 
son of the image 1302 to the planogram 1304 can be 
combined with other information to determine other condi 
tions such as recalled products. 
0129 FIG. 13B is a graphical representation 1310 of 
another example of a comparison of a planogram 1312 to an 
image 1314. The image 1314 may include an image of a full 
shelf space of products. The planogram 1312 includes a 
mapping of sample products, as they should appear on a full 
shelf space. In some embodiments, the products in the 
planogram may be highlighted or bracketed to differentiate 
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individual products. The highlighting may include different 
indicators to denote characteristics of the products Such as 
brand, type, costs, facings, etc. The image 1314 may display 
indicators of recognized products based on image processing 
performed by the image processing module 203. The com 
parison between the planogram 1312 and the image 1314 
may include changing a highlighting of a product recognized 
on the image 1314 based on if the products were recognized 
and identified in a database of products. After the compari 
son, the image 1314 may have highlighting or callouts added 
to indicate areas where the products and gaps included in the 
image 1314 differ from the mapping of products in the 
planogram 1312. 
0.130 FIG. 14A is a flow diagram of an example method 
1400 for comparing an image 1401 of a scene (e.g. of a store 
shelf) and a planogram 1405 to generate corrective actions. 
At block 1402, an image 1401 of a scene is captured. The 
image 1401 may be captured by a camera and sent to the 
image recognition application 103. In some embodiments, 
multiple images are captured, combined and then used for 
further processing. In some embodiments, the image 1401 of 
the scene may be referred to as a “realogram' representing 
a real image of a shelf that may be further processed for 
comparison with a planogram 1405. The image 1401 of the 
scene may include multiple images of the scene that may be 
Stitched together into a linear panoramic image. At block 
1404, the image processing module 203 processes the image 
1401 to locate products in the scene 1401 by matching 
potential products to a database of product images. At block 
1406, the corrective action module 215 determines a cor 
rective action for presentation to a user. Block 1406 may 
include match POG and ROG block 1408 that receives the 
planogram 1405 and the products identified from the image 
from block 1404. In the match POG and ROG block 1408, 
the inputs are compared by the alignment module 219 to 
identify matches between the image and the planogram 
1405. Once the matches are identified in the match POG and 
ROG block 1408 that information is provided to block 1410 
(also included in block 1406) where the corrective action 
module 215 determines differences between the image and 
planogram 1405, identifies corrective action corresponding 
to those differences, and presents one or more differences as 
one or more corrective actions. In some embodiments, 
corrective action module 215 determines corrective actions 
based on processing by classification module 207, Sugges 
tion module 209, action module 211 and gap detector 
module 217. 

I0131 FIG. 14B is an example data flow 1411 for com 
paring a planogram 1405 and an image 1401 to identify 
visually similar products and generate real world ground 
truths. At match POG and ROG block 1408, the image 
processing module 203 may receive the image 1401 and the 
planogram 1405 and perform a comparison to find the 
expected product 1416 at each location. In some embodi 
ments, at match POG and ROG block 1408, the alignment 
module 209 of the image processing module 203 may find 
the expected product 1416 using imperfect recognition 
results by aligning the image 1401 and the planogram 1405. 
The imperfect recognition results may not identify every 
product in the image 1401. In some embodiments, the 
expected product 1416 may include a symbolic identifier, 
such as a UPC. For example, in the data flow 1411 of FIG. 
14B, the expected product 1416 includes the UPC: 
OOO35OOO765529. 
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(0132) The match POG and ROG block 1408 may also 
provide an image region 1417 to the comparison block 1414 
as will be described in more detail below. In some embodi 
ments, the match POG and ROG block 1408 may also 
provide the expected product 1416 (e.g., the symbolic iden 
tifier like the UPC) to the similar product graph model 1412. 
The similar product graph model 1412 may use the expected 
product 1416 to identify products included in the similar 
product graph model 1412 that are similar to the expected 
product 1416. In some embodiments, the similar product 
graph model 1412 may identify similar products based on 
the symbolic identifier. In other embodiments, the similar 
product graph model 1412 may identify similar products 
based on features of the expected product 1416, such as a 
brand, a shape, a color, a feature, etc. In the data flow 1411, 
the similar product graph model 1412 identifies similar 
products 1418a-1418d. The similar products 1418a-1418d 
share similar features to the expected product 1416. In one 
embodiment, the graph model is a graph (i.e. a discrete 
mathematical data structure) where the vertices (or nodes) 
are symbolic identifiers and edges between vertices indicate 
that the corresponding products are visually similar. In other 
embodiments, other model or data structures that store 
information about visually similar products may be used. 
0133. The comparison block 1414 may identify the simi 
lar product 1418 that is the same as the image region 1417. 
In some embodiments, the comparison block 1414 may be 
a manual comparison by a user for ground truth generation. 
The user may receive the similar products 1418a-1418d and 
identify which one of the similar products 1418d is the same 
as the image region 1417, even though the symbolic iden 
tifiers are different. The comparison block 1414 may then 
provide the correct similar product 1418d that was selected 
as a match to the expected product 1416. In the example data 
flow 1411, the correct similar product 1418d includes the 
UPC 00035.000765536, which is different from the UPC of 
the expected product 1416. 
0134. In some embodiments, the image recognition appli 
cation 103 may generate real world ground truth results of 
matching the planogram 1405 and the image 1401 to iden 
tify products. (Real world ground truth data is images with 
corresponding labels such as product locations and UPCs 
that are used for algorithm performance evaluation, system 
validation and testing and training of matching learning 
algorithms. For real world ground truth data, the images are 
actual scenes where the labels must be determined. While 
algorithms may assist in generating ground truth data, 
humans make final decisions about what the true labels are. 
In contrast to real world ground truth, for synthetic ground 
truth created using models and computer graphics, the true 
labels are known as part of the creation process.) In some 
embodiments, the image recognition application 103 may 
provide the real world ground truth generation with assis 
tance from a user for the user to identify products when a 
symbolic identifier, UPC, is not known to the user or 
products are very similar visually (for example, in the 
comparison block 1414). The image recognition application 
103 finds an expected product 1416 at each location, and 
with further processing, finds similar products 1418 to create 
a set of choices for human comparison at comparison block 
1414. In further embodiments, the image recognition appli 
cation 103 may generate real world ground truth results by 
matching the planogram 1405 to the image 1401 at each 
location using imperfect recognition results to identify the 
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expected product 1416 at each location. Then the image 
recognition application 103 uses an expected product 1416 
to find products 1418 with similar appearance in a similar 
product graph model 1412. A similar product graph model is 
a data-structure where nodes are products and edges connect 
visually similar products. In one embodiment, the graph 
model 1412 is created by creating edges between product 
nodes where products are in the same confusion set and have 
similar aspect ratio (i.e. similar ratio between width and 
height, possibly considering different combinations of faces 
such as front view and side view). In some embodiments, the 
visually similar recommendations may then be provided to 
a human for further manual comparison at comparison block 
1414. In other embodiments, the visually similar recommen 
dations 1418 may be automatically processed by a computer 
to identify likely matches. 
I0135 FIG. 14C is a data flow 1428 for product recogni 
tion. The data flow 1428 illustrates how the image process 
ing module 203 and classification module 207 may identify 
where products are located and what the products are once 
the products are located. Product recognition includes prod 
uct detection followed by product classification. The image 
processing module 203 may include a first product recog 
nition block 1430 for product detection and a second product 
recognition block 1436 for product classification as will be 
described in more detail below. The first product recognition 
block 1430 includes an image detection block 1432 to 
perform product detection in an image or scene. In some 
embodiments, the image processing module 203 may per 
form the image detection 1432 by finding locations for 
products in an image. For example, the image detection 
1432 may output bounding boxes or bounding polygons 
indicating locations of products. The classification module 
207 may classify at the first classifier 1434a the products 
identified by image detection block 1432 in an image (e.g., 
identify a UPC or multiple possible UPCs for the products). 
In some embodiments, the classification module 207 may 
perform the first classifier 1434a operations. In some 
embodiments, the regions may be classified using a Convo 
lutional Neural Network (CNN) classifier. 
0.136 The image processing module 203 may compare at 
the match POG and ROG block 1408 as part of second 
product recognition block 1436. The match POG and ROG 
block 1408 finds locations where products are expected 
based on a planogram and where no product was found in 
the image by first product recognition block 1430. The 
image processing module 203 may match at match POG and 
ROG block 1408 by comparing the planogram to identified 
products in the image from product detection block 1430 
and mapping the planogram products to the identified prod 
ucts. The match POG and ROG block 1408 may then 
identify products in the planogram that were not mapped to 
identified products and identify the locations of where those 
planogram products should have been mapped in the image. 
The classification module 207 may perform the operations 
of a second classifier 1434b to determine the location of 
where planogram products should have been mapped in the 
image. The classifications may be identified as gaps, as 
unknown products, or as specific products found at those 
locations as discussed elsewhere herein. The second classi 
fier 1434b may have a similar form and function to the first 
classifier 1434a so like number are used to reference these 
blocks. 
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0137 FIG. 15A is a graphical representation 1500 of an 
image 1502. The image 1502 may be processed by the image 
processing module 203 to identify objects based on a 
symbolic identifier. In this example, a product 1504 from a 
planogram has been identified in multiple products 1506 on 
a shelf in the image 1502. The product 1504 from the 
planogram and the identified products 1506 include a similar 
symbolic identifier. The symbolic identifier may be any 
characteristic that identifies a product, Such as a Universal 
Product Code (UPC), product name, brand, packaging char 
acteristic, etc. The image processing module 203 may find 
facings of products in the image and identify products based 
on those facings. For Some products, the identification from 
image processing module 203 may be incorrect (i.e. a 
recognition error may have occurred). The image processing 
module 203 may provide one or more identifications for an 
object Such as providing the top five candidates (i.e. the best 
five recognition results). When a recognition error occurs or 
more than one identification is provided, a single product 
Such as 1504 in the planogram may have multiple matches 
in the image 1502. A confusion set (of identifiers) are 
identifiers for products that are similar in appearance Such 
that image processing module 203 is known to either return 
the identifiers together when more than one identification is 
provided and/or when a recognition error occurs the image 
processor may return an incorrect identifier in the set instead 
of the correct identifier. Also, in the planogram, only one 
product may be present, such as product 1504, while in the 
image 1502, multiple products 1506 that are the same may 
appear in the portion of the shelf that the planogram maps a 
product to. For example, the multiple products 1506 are 
stacked on the shelf so that the shelf space may be more 
efficiently utilized. In some embodiments, the locations of 
objects found are used by alignment module 219 in com 
paring an image to a planogram as described in relation 1704 
of FIG. 17. 

0138 FIG. 15B is a graphical representation 1508 of a 
planogram 1510. The planogram 1510 includes mappings of 
linear groupings of product facings. A local region 1514 of 
a linear group of the planogram 1510 may be selected for 
matching. The local region 1514 may include a matching 
region 1516. In some embodiments, the local region 1514 
may also include neighboring regions 1515. The local region 
1514 is extracted as a region of a planogram 1512 to be used 
in image matching. The size of the local region 1514 may be 
chosen Such that it has sufficient information for matching. 
Matching a region typically may be more accurate than 
matching a single product alone. In one embodiment, the 
size of the region is chosen Such that there are three 
overlapping regions that each include half the products in 
the whole linear group (e.g., the left-most half center-most 
half and right-most half). In one embodiment, the size of the 
region is based on the size of the individual images used to 
capture the scene. In one embodiment, the size of the region 
is based on the size of slices used for a grouping. In one 
embodiment, the slices used for a grouping are from vertical 
divisions of an image. For example, the slices may include 
a portion of a shelving unit divided into five slices. In one 
embodiment, where the recognition error rate is P, the region 
size is chosen Such that it contains N products where 
1-P'>=T where T is a threshold such as 0.9999. In one 
embodiment, the regions size chosen Such that it contains N 
products where N-1 is the number of products in a brand 
chunk (where brand chunk is described in relation to FIG. 
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22). In one embodiment, the region is chosen Such that the 
products the region meets the criteria that there is at least K 
(e.g., K-2) pairs of products in the region that have identi 
fiers that are not in the same confusion set. The alignment 
module 219 may perform the matching between the match 
ing region 1516 and a region of an image. In FIG. 15B, only 
one matching region 1516 is shown; the alignment module 
219 may perform matching with a plurality of matching 
regions such that every planogram product is in one or more 
matching regions. In one embodiment, the alignment mod 
ule 219 performs matching with a plurality of matching 
regions such that every planogram product is in exactly one 
matching region. 
I0139 FIG. 15C is a graphical representation 1518 of a 
matching result. A shelf region 1520 of a processed image 
may include recognized products. Planogram region 1512 
may be compared to shelf region 1520 at multiple align 
ments 1522. Each alignment 1512 is a location in shelf 
region 1520 that may be a possible match for planogram 
region 1512. In this example, four alignments 1522 based on 
four different seeds of planogram shelves have been selected 
for a comparison to the shelf region 1520. A seed is a pair 
of one sample product and one recognized product, one 
product 1504 from the planogram region 1522 and one 
corresponding product from products 1506 from the shelf 
region 1520. Different seeds use different pairs of product 
1504 and product from products 1506. For one seed, inliers 
are a plurality of pairs of neighboring products that have 
similar alignment. For two pairs, either they both have 
similar alignment and both are inliers for either as a seed, or 
they have dissimilar alignment and are seeds for two distinct 
alignments. The comparison between Planogram region 
1512 and shelf region 1520 may be done by picking a 
product 1504 from the planogram region 1522 (and a 
corresponding product from products 1506) to be a seed, 
determining an alignment and inliers based on the seed, and 
determining a matching score 1524 based on the matches 
detected between the shelf 1508 and the alignment 1522. 
The determination of the alignment and inliers based on a 
seed may be a linear fit of the X coordinates, may start with 
the X coordinates for the seed and may be done iteratively 
for each product within the planogram region 1512. To 
illustrate the matching scores 1524 for the alignments 1522, 
colored, highlighted boxes (e.g., red and green boxes) in 
FIG. 15C may be used to indicate how many products of the 
shelf 1520 matched products of the alignment 1522. A green 
box shows products that matched and a red box shows 
products that did not match in the comparison. The matching 
score may be calculated based on those products matched. 
The matching scores 1524 may be used to determine which 
alignment 1522 of the planogram corresponds to the shelf 
1520 and in one embodiment, the alignment 1522 with the 
highest matching score may be selected for the shelf 1520 
region. In one embodiment, the alignment with a matching 
score satisfying a threshold may be selected for corrective 
action analysis. In one embodiment, the alignment 1522 
with the highest matching score that also has 2K matches 
for K pairs of products (e.g. K=1) that have identifiers that 
are not in the same confusion set. In one embodiment, the 
alignment 1522 with the highest matching score also has K. 
and K matches (e.g., K=1 and K-1) where for pairs of 
products that are not in the same confusion set, K matches 
are for the first item in the pair and K matches are for the 
second item in the pair given any consistent ordering for the 



US 2017/0178060 A1 

pair such as left-to-right (e.g., if there are pairs A,B and C.D. 
A and C contribute to K and B and D contribute to K so 
that in addition to matching A and B or C and D being 
sufficient, matching A and D or B and C is also sufficient). 
The alignment 1522 may be used in the comparison with the 
shelf 1520 to determine a corrective action for the shelf 1520 
based on differences between the alignment 1522 and the 
Shelf 1520. 

0140. In one embodiment, by matching the alignment 
1522 to the shelf 1520, geometrically consistent matches of 
the local region may be identified through an exhaustive 
search with branches and bounds. In some embodiments, the 
seeds for alignments 1522 (e.g., each product 1504 in 
planogram region 1512) may be sorted in order based on a 
recognition score of the recognition results from image 
processing module 203 (e.g., the image processing module 
203 may provide confidence values, probability values or 
other metrics such as a values where a larger value indicates 
a better recognition result). In one implementation, once a 
product has been used as an inlier for comparison with the 
seeds 1522, that product will not be used as a seed for future 
comparisons of the image, meaning each iteration tends to 
reduce the possible seeds for future iterations. In one imple 
mentation, a product may be chosen to be an inlier by one 
criterion (e.g., based on the products center location) and 
only not used for future iterations if it meets additional 
criteria (e.g. based on the products left and right edge 
location). In some embodiments, the maximum possible 
matching score 1524 and maximum possible number of 
inliers is determined at each iteration step. In some embodi 
ments, the search terminates when these maximums are 
worse than results found in previous iterations. 
0141. In some embodiments, inliers may be chosen for 
the comparison by fitting X-axis coordinates between an 
image and a planogram. An initial linear fit for Scale and 
offset is determined by using the left and right edges of a 
seed. Then matching based on an identifier (e.g., UPC) and 
the fit (e.g., comparing the image coordinates mapped by the 
fit to the planogram coordinates) is performed to find 
products that are inliers. Matching starts by using the initial 
fit. Choosing inliers is performed with the products ordered 
from closest to the seed to farthest from the seed (based on 
X coordinates). When a new inlier is then identified, a new 
linear fit is computed for use for choosing inliers from the 
ordered products that have not yet been considered. Alter 
natively, if a product is not an inlier, further processing only 
chooses inliers that have X coordinates that leave a gap for 
the product that was not an inlier. In some embodiments, the 
matching may use the left and right (or centers) of multiple 
inliers for linear fit for scale and offset. Then a final 
matching may be performed to re-check for final inliers. If 
there are many inliers (e.g. greater than or equal to 6) then 
the matching may perform a higher polynomial fit (e.g. 
offset x', scale x' and x) or multiple linear matches for 
different parallax for image products from images taken 
from different viewpoints. Inliers meet criteria for both the 
X-axis coordinates and y-axis coordinates. For X-axis coor 
dinates, in one embodiment, the criteria include using 
mapped image coordinates and planogram coordinates to 
make parameters for Gaussian functions. In other embodi 
ments the X-axis coordinate criteria includes fitting the 
image X-coordinates to planogram X-coordinates and per 
forming a hard threshold (for example, if the center of 
mapped planogram product inside of image portion to the 
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left and the right.) In one embodiment, the y-axis coordi 
nates criteria includes a hard threshold based on if there is 
any overlap in the y-axis between the item (e.g. product) and 
the seed (e.g. overlap of the facings.) In another embodi 
ment, the y-axis coordinates criteria includes determining if 
the item and seed are in the same linear group. 
0142. In some embodiments, image processing module 
203 provides multiple recognition candidates for each item 
and a recognition score for each candidates (S, where i 
enumerates the items, enumerates the candidates for item 
i, and the candidates for each item are sorted Such that 
S>-S,) that relates to the candidates, but is not compa 
rable between candidates for different items. Determining 
the matching score 1524 for a group of facings may use 
these recognition scores for candidates. The recognition 
score for the candidate with matching symbolic identifier 
(S, where m indicates the value of j for the candidate that 
matches, e.g., the candidate in the recognition results for 
item i with the UPC that matches the UPC in the planogram 
for item i) is normalized by dividing by the maximum 
recognition score for all candidates for that item to deter 
mine a normalized matching score for the item (i.e. S.–S, 
m/S). If there is no match for item i, S, is Zero. 
0143. In some embodiments, the matching score 1524 for 
a group of facings may be determined by taking advantage 
of multiple image matches for a stack of products in the 
same facing. The algorithm may include taking the weight of 
the matches with exponential decay and Sum (e.g., 
Sai TS,'2'''). For the case where facings include a 
single item, this processing reduces to the Sum of the 
matching scores for each item. 
0144. In some embodiments, the selected alignments for 
all regions in the image are further processed to find con 
sistent alignments for the image. Alignments are compared 
based on criteria. Criteria may be based on a number of 
inliers, a matching score, the number of pairs of products in 
the region that have identifiers that are not in the same 
confusion set, and/or other similar values. For example, an 
alignment might be considered a high confidence alignment 
if it has at least three inliers and at least two pairs of products 
that are not in the same confusion set. An average of high 
confidence alignments can be determined as a global or 
average alignment for use in further processing. For align 
ments with only one inlier, scale from average or scale from 
neighbors is used if the offset of the alignment is consistent 
with average or neighbors. Alignments with a scale or offset 
that is much different (e.g. matches where the mapping of X 
coordinates differs by more than Caverage product width, 
e.g. C=1.0) from average or neighbors with higher confi 
dence can be rejected. For regions with rejected alignment, 
average alignment or alignment from not rejected alignment, 
high confidence neighbors (e.g. a piecewise linear estimate 
from neighbors) can be used. Alignments for overlapping 
regions can be processed to find inconsistent locations for 
individual products (e.g. the same recognition result is 
mapped to two different planogram facings in two overlap 
ping alignments, or different recognition results are mapped 
to the same planogram facing in two overlapping align 
ments) to determine where there may be an extra facing 
(product) or a missing facing (product). 
0145. In some embodiments, the average alignment, con 
sistent alignment for each region and alignment for indi 
vidual products is provided for use in further processing. 
This alignment information may be provided in JSON 
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format. The average alignment may comprise an offset and 
scale that maps planogram coordinates to image coordinates. 
The consistent alignments for each region may comprise 
indices that identify the region in the planogram, indices that 
identify the region in the realogram, an offset and scale that 
maps planogram coordinates to image coordinates for the 
region (or equivalently image coordinates for two reference 
coordinates in the planogram) and/or an offset and Scale the 
maps image coordinates to planogram coordinates (or 
equivalently planogram coordinates for two reference coor 
dinates in the image). Regions may be chosen Such that 
region boundaries (when not at the ends of a linear group) 
are between pairs of products that are not in the same 
confusion set and at least one product in the pair is an inlier 
for the alignment. The consistent alignments for each region 
may additionally comprise information about missing or 
extra facings (products). The consistent alignments may 
future comprise information about which facings are not 
inliers for the match and which have a detected product that 
does not match (e.g. a recognition result that does not have 
the expected symbolic identifier.) The alignment informa 
tion for individual products may comprise image coordi 
nates corresponding to each product or facing in the plano 
gram and a reference (e.g. indices) into the recognition 
results, if any, corresponding to that product or facing. In 
Some embodiments, corresponding recognition results may 
inliers. In further embodiments, corresponding recognition 
results may be labeled as being inliers or labeled as not being 
inliers. 

0146 In one example, products may be missed by a first 
recognition because the products are pushed farther back on 
the shelf, are on the edges of the image, or include light 
distortion or glare. These missed products may be referred to 
as unknown products that will require further processing for 
identification, as discussed elsewhere herein. In other 
embodiments, the missed products may actually be empty 
spots on the shelf that the image processor may identify as 
'gaps. For example, the planogram and image may be 
compared and products identified, but a region of the image 
may not include matching results because no product was 
identified in the region. By performing a second matching to 
determine if products are included in the unknown region, a 
more accurate analysis may be accomplished, as discussed 
elsewhere herein. 

0147 FIG. 16 is a flow diagram of one embodiment of a 
method 1600 for comparing a planogram and an image. At 
block 1602 the image recognition application 103 may 
capture and process an image (or a scene with multiple 
images). The image recognition application 103 may capture 
the image using a camera or other capture device coupled to 
the image recognition application 103. In other embodi 
ments, the image recognition application 103 may receive a 
previously captured image from a network 105 or retrieve a 
previously captured image from memory 237. The image 
processing module 203 may process the image (e.g., Stitch 
multiple images into one), or in alternative embodiments, 
the image may have been previously processed and is 
received by the image recognition application 103 after 
processing has occurred. At block 1604 the alignment mod 
ule 219 receives a planogram. The planogram may have 
been stored in data storage 243 on the image recognition 
application 103 or the planogram may have been received 
from a network 105. At block 1606, the alignment module 
219 aligns the image to the planogram. In some embodi 
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ments, the alignment may occur as described above by 
iteratively matching seeds and inliers of different facings of 
the image with the planogram. At block 1608, the gap 
detector module 217 compares the image and the planogram 
to identify gaps and products. At block 1610, the gap 
detector module 217 may analyze the identified gaps and 
products to determine a corrective action. In some embodi 
ments, the identified gaps and products information may be 
sent to the corrective action module 215 and the corrective 
action module 215 may determine a corrective action. At 
block 1612, the corrective action module 215 presents the 
corrective action. The corrective action module 215 may 
present the corrective action in a user interface and the 
corrective action may appear as text, or alternatively the 
corrective action may be an indicator highlighting a portion 
of an image where a difference exists. 
0148 FIG. 17A is a flow diagram of another embodiment 
of the method 1700 of comparing a planogram and an image 
to determine matches. At block 1702, the image recognition 
application 103 captures an image (or a scene with multiple 
images), the image or images may be an image or images of 
a product shelf. At block 1704, the image processing module 
203 processes the image to locate a product in the image 
based on a symbolic identifier. In some embodiments, the 
symbolic identifier may be a UPC or other characteristic of 
the product. Locating a product may be done as described 
above with reference to FIG. 15A. At block 1706, the 
alignment module 219 may identify a region of a planogram 
based on a linear grouping. The region of the planogram may 
be a portion of the planogram that may be used to match 
inliers/seeds. Identifying a region of a planogram may be 
done as described above with reference to FIG. 15B. At 
block 1708, the alignment module 219 may find geometri 
cally consistent matches using a branch and bound search as 
described above with reference to FIG. 15C. At block 1710, 
the corrective action module 215 may use a consistent match 
to determine a difference between a located product and the 
planogram. The difference may include incorrectly stocked 
items (e.g. hidden out of stock) or empty portions of the 
shelf that need to be re-stocked. At block 1712, the correc 
tive action module 215 may present a corrective action 
based on the difference. The corrective action may include 
re-stocking the shelf, Switching out an incorrectly stocked 
product, removing a recalled product, or other actions based 
on the difference. 

0149 FIG. 17B is a flow diagram of one embodiment of 
a method 1708 for finding geometrically consistent matches. 
At block 1714, the alignment module 219 may choose a 
located product that corresponds to a region to be a seed. At 
block 1716, the alignment module 219 may choose inliers 
that will be used for a matching comparison between the 
seed and regions of a planogram. At block 1718, the align 
ment module 219 computes a matching score for a group of 
facings as described above with reference to FIG. 15C. The 
alignment may be determined based on an iterative matching 
between different recognized products based on the seed/ 
inlier matching. At block 1720, the alignment module 219 
chooses a mapping from the seed and the inliers based on a 
condition for discriminating a correct match. In one embodi 
ment, the condition may be to choose the mapping from the 
seed and the inliers with the highest matching score as a 
geometrically consistent match for the region. In another 
embodiment, at block 1720, the condition may be to choose 
the mapping with the highest score with at least three inliers 
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and at least two pairs of products that are not in the same 
confusion set is chosen. In other embodiments, the method 
1708 selects one or more mappings that satisfy a matching 
score threshold. 

0150 FIG. 18A is a graphical representation 1800 of 
recognized products. The alignment module 219 may per 
form a matching between the image and a planogram and 
determine matching products found on the planogram and 
the image. The alignment module 219 may create indicators 
for each product identified in the image; the indicators may 
include an indicator of a match or an indicator of no match. 
For example, in the graphical representation 1800, green 
indicators 1802 indicate example products that are matched 
to a corresponding product in the planogram and red indi 
cators 1804 shows that there was no match for the product 
on the planogram. In further embodiments, the indicators 
may be boxes that Surround the products on the planogram. 
The boxes may be different colors or other means of visual 
differentiation indicating which products in the planogram 
were matched to a corresponding product in the realogram. 
The alignment module 219 may also calculate how many of 
the products in the image were matched to the planogram 
and display a percentage of the total matched products. In 
FIG. 18B, a graphical representation 1806 displays linear 
groupings of recognized products. For each linear grouping 
in the image, the matching of the alignment module 219 may 
include the steps of determining if a top candidate is present 
anywhere in a planogram linear grouping, then associating 
the linear grouping with the product position to indicate a 
normal match. If a normal match is not found, then the 
image linear groupings are iteratively compared to a candi 
date list and if a match is found, associate that match as a 
candidate match. The alignment module 219 may display 
indicators for each recognized product included in a linear 
grouping to differentiate linear grouping results. In the 
graphical representation, 1806 the indicators 1808 are an 
orange color bracketing each product included within a first 
linear grouping. The indicators 1808 and 1810 are example 
indicators to show different linear groupings to the user. In 
the image, the linear groupings alternate colors so that a user 
can easily differentiate which linear groupings of shelf 
products are grouped together. The indicators 1810 are a 
blue color bracketing each product included within a second 
linear grouping. The image may include various colors 
groups bracketing individual products in different linear 
groupings. The indicator 1812 is a red color bracketing a 
product and/or area of the image that was not recognized in 
the comparison with the planogram. 
0151 FIG. 19A is a graphical representation 1900 of a 
processed image that displays identified products and poten 
tial gaps 1902 in the processed image. A gap is an area in 
which during processing no recognition occurred. The pro 
cessing may be performed by the image processing module 
203 or another module in the image recognition application 
103. Gaps 1902 may be empty spots on the shelf (holes) 
where no products are on display (e.g. an out of stock 
situation), or spots on the shelf containing unrecognized 
products. Identifying gaps 1902 may allow further process 
ing by the gap detector module 217 to determine which gaps 
1902 represent actual out of stock situations by analyzing 
the gaps and tagging each as either a hole or a potential 
product. FIG. 19B is a graphical representation 1904 dis 
playing examples of detected gap areas 1906 and 1908 on a 
processed image. The gap areas 1906 and 1908 may include 
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holes 1906 or potential products 1908. FIG. 19C is a 
graphical representation 1910 of an image where gaps have 
been determined to be either holes or potential products. The 
processing, performed by the gap detector module 217, may 
include three different processing filters, a color evaluation, 
an edge/line detector, or an image feature corner detector. In 
some embodiments, if two of the three processing filters 
product results indicate a potential product is present in the 
gap, then the gap detector module 217 may highlight that 
product as containing a potential product. Potential products 
1916 are gaps that the gap detector module 217 determined 
included a potential product. In some embodiments, the 
potential product 1916 may be highlighted in a purple color 
bracketed around the product to indicate the potential prod 
ucts 1916. Non-products 1912 were determined not to 
include products by the gap detector module 217 and were 
highlighted as holes. The non-products 1912 may be high 
lighted in yellow bracketed around the product to indicate 
holes. The holes may indicate places on the shelf where an 
item is out of Stock or a corrective action may be necessary. 
FIG. 19D is another graphical representation 1918 of deter 
mining gaps. A portion 1920 of a shelf is shown that include 
products and gaps. The gap detector module 217 may 
process the portion 1920 to determine which gaps include a 
potential product 1924 and which gaps are holes 1922. 
0152 FIG. 20A is a graphical representation 2000 of a 
visualization showing gaps in an image. FIG. 20A includes 
a product shelf with indicators 2003 and 2005 around linear 
groupings of recognized products and potential gaps 2001. 
Indicator 2003 is a blue indicator bracketing a product 
included as part of a linear grouping, the linear grouping all 
including blue brackets around the products. Indicator 2005 
is an orange indicator bracketing around a product included 
as part of a different linear grouping from the indicator 2003. 
The different linear grouping may be alternating colors as 
shown by indicators 2003 and 2005. Indicator 2001 is a red 
bracket around a portion of the image that was not recog 
nized as a product. FIG. 20B is a graphical representation 
2002 of the shelf from FIG. 20A after the gap detector 
module 217 has performed further processing. In FIG. 20B, 
the gaps have been processed to determine which gaps 
include a potential product (highlighted in pink with an 
indicator 2004) and which gaps are holes (highlighted in 
yellow with a different indicator 2006). FIG. 21 is a graphi 
cal representation 2100 of the visualization showing gaps 
2102 that were notable to be determined by the gap detector 
module 217 along the edges of the image. 
0153 FIG. 22A is a block diagram 2200 showing an 
example of brand chunking. FIG. 22A displays different 
groups 2201 of products that are grouped by brand. Group 
1 2201 a represents a type of Degree brand products. Group 
2 2201b represents a type of Dove brand products. Group 3 
2201c represents a different type of Degree brand products. 
Group 42201d represents a different type of Degree brand 
products. Group 52201e represents a different type of Dove 
brand products. Group 6 2201f represents a type of AXE 
brand products. The analytics module 221 may process the 
image of the shelf and identify different brand chunks based 
on the brands. In some embodiments, the analytics module 
221 may use the brand chunks to divide an image or a linear 
group based on the brand chunks. FIG. 22B is a block 
diagram 2202 showing the association between the plano 
gram facings 2208, the brand chunks 2212 identified in the 
image/realogram and their correspondence to brand chunks 
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2210 in the planogram. The analytics module 221 may 
process a planogram to determine planogram facings and 
extract from the planogram facings, brand chunks. The 
analytics module 221 may compare the brand chunks of the 
planogram and image to determine if corresponding chunks 
match brands. Then the analytics module 221 may process 
an image to determine facings of the image and convert the 
facings into brand chunks. The analytics module 221 may 
then be able to compare the brand chunks of the planogram 
with the brand chunks of the image based on the index 
positions of each chunk to determine differences. FIG. 22C 
is a block diagram 2204 of a side-by-side comparison by the 
analytics module 221 of brand chunks from a planogram 
2214 compared to brand chunks of an image 2216. The 
analytics module 221 may compare different brand chunks 
2218, for example a brank chunk related to Degree products, 
as well as neighboring brand chunks to identify differences. 
An index 2220 of the brand chunk on the planogram 2214 
and image 2216 may be used to identify different brand 
chunks. For example, the index 2220 value '2' may be 
related to a Degree brand chunk. The analytics module 221 
may determine neighbors 2222 using the index 2220. The 
analytics module 221 may also determine an aspect ratio 
2226 of each brand chunk and each compared brand chunk 
should be similar between a planogram and an image. The 
analytics module 221 may also determine the number of 
facings 2228 within each brand chunk and compare the 
number of facings. FIG. 22D is a block diagram 2206 of 
brand chunks. The analytics module 221 may determine 
chunks of the image 2232 that are not connected to corre 
sponding chunks of the planogram 2230. A connector 2234 
may connect matching chunks between the image 2232 and 
the planogram 2230. Unconnected products 2236 and 2238 
are brand chunks in the image 2232 that do not match a 
brand chunk in the planogram 2230. Unconnected chunks 
may be areas where corrective actions may be implemented. 
The brand chunks may also be used for a share of shelf 
computation. 
0154 FIG. 23A is a graphical representation 2300 of a 
planogram with brand chunking. The planogram includes 
brand chunk(s) 2301, 2302, 2303, and 2304 of a linear 
grouping. Brand chunks 2301 and 2303 are green brand 
chunks; however, 2301 represents a different brand than 
2303 even though both brand chunks are the same color. 
Brand chunks 2302 and 2304 are red brand chunks; how 
ever, 2302 represents a different brand than 2304 even 
though both brand chunks are the same color. In some 
embodiments, the brand chunks may also indicate the 
amount of products in the brand chunk that matched to 
product in the image brand chunk. The brand chunks may be 
displayed as alternating color to differentiate brand chunks. 
FIG. 23B is a graphical representation 2306 of a correspond 
ing realogram image to which the planogram in FIG. 23A 
relates. The analytics module 221 may compare brand 
chunks in the image to the planogram and display indicators 
on the image where the brand chunks do not match. Indi 
cator 2308 is an indicator where the image does not align 
with the planogram brand chunk. Indicator 2310 indicates 
that the realogram brand chunk has a valid planogram chunk 
partner. In some embodiments, the indicator 2310 may be a 
color indicating that the image brand chunk matches to a 
planogram brand chunk. 
0155 FIG. 24A is a graphical representation 2400 of an 
image with recognized brand chunks. Brand chunks Secret 
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2402, Dove 2404, AXE 2406, and Old Spice 2408 relate to 
different brands that the analytics module 221 detected in 
linear groupings. FIG. 24B is a graphical representation 
2410 of an image with recognition results displayed. The 
analytics module 221 may display linear groupings, brand 
chunks, and recognized products all on the same image. The 
analytics module 221 may display the brand chunks by 
labeling the brand chunks with an indicator 2412, 2414, 
2416, or 2418 of the brands the brand chunks represent. 
Indicator 2412 represents the secret brand, showing that 26 
of the 27 products were recognized and the linear grouping 
is highlighted in turquoise. Indicator 2414 represents the 
Dove brand, showing that 4 of the 4 products were recog 
nized and the linear grouping is highlighted in purple. 
Indicator 2416 represents the Degree brand, showing that 20 
of the 20 products were recognized and the linear grouping 
is highlighted in purple. Indicator 2418 represents the AXE 
brand, showing that 8 of the 8 products were recognized and 
the linear grouping is highlighted in purple. FIG. 24C is a 
graphical representation 2420 of a planogram with brand 
chunks and other indicators. The brand chunks include 
indicators 2422, 2424, 2426, and 2428 on the planogram 
may include an indicator of the brand the brand chunk 
represents or alternatively different colors or other indica 
tors. Indicator 2422 represents the secret brand, showing that 
26 of the 27 products were recognized and the linear 
grouping is highlighted in green. Indicator 2424 represents 
the Dove brand, showing that 4 of the 4 products were 
recognized and the linear grouping is highlighted in red. 
Indicator 2426 represents the Degree brand, showing that 20 
of the 20 products were recognized and the linear grouping 
is highlighted in green. Indicator 2418 represents the AXE 
brand, showing that 8 of the 8 products were recognized and 
the linear grouping is highlighted in red. FIG. 24D is a 
graphical representation 2430 of a planogram with brand 
chunks as shown by indicators 2432, 2434, and 2436. 
Indicator 2432 represents a Colgate brand chunk and is 
highlighted in green. Indicator 2434 represents an arm and 
hammer brand chunk and is highlighted in red. Indicator 
2436 represents a crest brand chunk and is highlighted in 
green. FIG. 24E is a graphical representation 2438 of a 
corresponding image related to the planogram shown in 
FIG. 24D with brand chunks displayed as shown by indi 
cators 2440, 2442, and 2444. Indicator 2440 represents a 
Colgate brand chunk and is highlighted in orange. Indicator 
2442 represents an arm and hammer brand chunk and is 
highlighted in red. Indicator 2444 represents a crest brand 
chunk and is highlighted in orange. 
0156 FIG. 25A is a block diagram 2500 of the process 
for aligning product facings. The analytics module 221 
connects planogram facings 2502 from planogram chunks 
2501 with image facings 2504 from image chunks 2503 by 
comparing the facings and determining matches with cor 
responding facings. The facings Subdivide linear groupings 
into Smaller parts, making it easier for the analytics module 
221 to perform alignment of the image facings with the 
planogram. If the analytics module 221 aligns the facings 
Successfully, then the final result of the alignment may be 
used to generate corrective actions for each linear grouping. 
The analytics module 221 may use a best fit algorithm to 
establish a connection from the planogram to the image 
facings. Connections 2506 show the products from the 
image facings 2504 and the products from the planogram 
facings 2503 with connecting lines between the facings that 
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included corresponding matches. The comparison by the 
analytics module 221 may produce a list of candidate 
connections for each planogram facing and connect the top 
candidates to the image product facing. 
(O157 FIG. 25B is a block diagram 2508 of the process 
for connecting product facings and resolving collisions. The 
analytics module 221 during alignment may identify two or 
more product facings in a planogram chunk 2509 that 
connect with a single image facing 2510. The analytics 
module 221 may then compare the planogram chunk 2509 to 
an image chunk 2511. The analytics module 221 may then 
determine a best match based on a connection score and 
disconnect all but the highest scoring planogram facing (i.e. 
there should be a one-to-one relationship between plano 
gram and image facings.) The analytics module 221 may 
then run the connection algorithm again allowing only 
unconnected planogram facings to be compared to uncon 
nected image facings and creating a corrected matching 
2512, where all of the product facings in the image are 
connected to a single product facing in the planogram. 
0158. In some embodiments, the analytics module 221 
may perform a conflict resolution in cases where multiple 
connections point to the same image product facing. In some 
embodiments, the analytics module 221 may use a best fit 
comparison that includes matching a symbolic identifier in 
a top candidate position or in a candidate list (where the list 
is weighted so a top candidate match is better than a 
candidate match.) The best fit comparison may also include 
an aspect ratio test, where a match is indicated when shape 
of the product facings are similar. The best fit comparison 
may also include an indeX position test where a match is 
indicated when an image facing is in a similar position to a 
corresponding planogram facing in a planogram facing. The 
best fit comparison may include a neighbors test, where the 
comparison uses information from the planogram to deter 
mine which products are expected to border a current 
product under evaluation. In some embodiments, as part of 
the conflict resolution step, the analytics module 221 may try 
to align gaps that the gap detector module 217 identified as 
potential products with planogram product facings. 
0159 FIG. 26A is a graphical representation 2600 show 
ing a connected image showing relationships between 
image/realogram facings and planogram facings. An image 
of a product shelf displays linear grouping facings with 
connected planogram facings 2602. The connection visual 
ization shows the relationship between the image facings 
and the planogram facings. In some embodiments, line 
width of the connections reflects the strength of the connec 
tion. The rectangle below the connection 2604 represents the 
planogram product facings that the products in the linear 
grouping facings of the image correspond. In some embodi 
ments, an indicator 2606 may be used to indicate if an 
inferred planogram connection was detected. The indicator 
2606 may be different colors to differentiate between brand 
chunks. In some embodiments, indicators may be included 
that show no connection, the indicators may be specific 
colors, or alternatively may display both the planogram 
facing and the image facing, but not include a connector 
between unmatched facings. In some embodiments, a num 
ber 2608 may be included that represents how many plano 
gram items connect with the image items. In FIG. 26A, 
facing 2608 displays data that eleven out of thirteen of the 
facings of the image correspond with the facings of the 
planogram. 
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0160 FIG. 26B is a graphical representation 2610 of 
another image with planogram connections 2612. The 
planogram connections 2612 are connected where a product 
of an image in the image linear grouping corresponds with 
a planogram facing. In some embodiments, the connections 
may be different colors to identify different linear groupings. 
FIG. 26C is a graphical representation 2614 of connections 
in an image. In some embodiments, the analytics module 
221 may align detected gaps with planogram product fac 
ings. The connectors 2616 are green, indicating a connection 
between a planogram item and an image gap. In some 
embodiments, the connectors may be green if a gap was 
matched to a corresponding product in the planogram. In 
Some embodiments, different colors or other indicators may 
be used to indicate that a gap was matched to a correspond 
ing product in the planogram. FIG. 26D is a graphical 
representation 2618 of assigning planogram product facings 
to missing gaps. The indicator 2620 highlights products in 
the linear grouping of the image where all recognition 
results were incorrect including the candidates and the 
products were corrected during the product facing connec 
tion performed by the analytics module 221. Since products 
were contained in the region that was initially indicated as 
incorrect, the indicators 2620 are displayed as normal con 
nections, rather than as inferred connections denoted by 
green boxes in the previous figures. Indicator 2622 is a red 
box indicating actual gaps (out-of-stock) assigned to the 
planogram facings. 
(0161 FIG. 27 is a graphical representation 2700 of an 
image with the identified products shown with callouts and 
showing an unconnected chunk. An unconnected facing 
2702 is present in the image. The unconnected facing 2702 
in Some embodiments may also be an unconnected brand 
chunk. The unconnected facing 2702 did not have any 
corresponding facing in the planogram to which it could be 
connected. The corrective action module 215 may be able to 
determine based on this unconnected facing 2702 that an 
incorrect product 2704 was placed on that portion of the 
shelf. The corrective action module 215 may generate a 
corrective action for presentation to a user. 
0162 FIG. 28A is a graphical representation 2800 of a 
visualization showing recognition candidates spanning mul 
tiple linear groupings. The analytics module 221 may deter 
mine pruning candidates from image facings. The analytics 
module 221 may evaluate each recognition candidate list to 
determine where in the planogram each candidate 2802 is 
located. If the analytics module 221 determines the candi 
date product 2802 is located on a different shelf, then there 
is also a probability the candidate is invalid since it should 
not be presented on the shelf. If the analytics module 221 
determines the candidate product 2802 is located on a 
different shelf, then there is also a probability the candidate 
is invalid, since the candidate product should not be present 
on the current shelf. The analytics module 221 uses this 
pruning process to remove candidates that do not exist in the 
current planogram and candidates, which occur outside the 
Scope of the current linear grouping. A valid candidate 2804 
may be a candidate from the same linear grouping. An 
invalid candidate 2806 may be a candidate from a different 
linear grouping. FIG. 28B is a graphical representation 
highlighting a candidate 2810 that may not be valid. A 
product recognition list 2812 with a recognition score for 
individual entries in the list may be used by the analytics 
module 221 to compare the candidate 2810 to each product 



US 2017/0178060 A1 

of the product recognition list 2812. If the candidate 2810 
matches the top candidates of the product recognition list 
2812 then it is more likely to be valid, whereas if the 
candidate 2810 matches a product farther down the product 
recognition list 2812, the candidate 2810 is less likely to be 
valid. Products 2811 are examples of products included in 
the product recognition list 2812 that are not the candidate 
2810 but were identified on the product recognition list 2812 
as products farther down the list that are less likely to be the 
candidate 2810. 

0163 FIG. 29A is a block diagram 2900 showing ana 
lytics information about share of shelf data produced by the 
system of the present invention. A share of shelf data 2902 
is an indicator used to compare how products compete with 
other products on the shelf. The share of shelf data 2902 is 
computed by accounting for the actual space the products 
take up on the shelf. The actual space the product takes up 
may be calculated based on processed linear groupings of 
shelf facings. Once a share of shelf data 2902 is computed, 
the percentages 2904 for each brand may be determined. The 
analytics information may include tables showing the per 
centage of share of shelf by brand for easy reference. FIG. 
29B is a block diagram 2908 of an example share percentage 
based on brands. Brand chunking by the analytics module 
221 automatically produces share of shelf values. The ana 
lytics module 221 may calculate a share of shelf value for 
both an image and a planogram and compare the share of 
shelf values to determine differences for corrective actions. 

(0164 FIG. 30 is a block diagram 3000 of a developed 
rule based on comparisons. The corrective action module 
215 may develop rules based on known data structures from 
comparisons of images and planograms. The rules may be 
developed for both chunk analysis and facing to facing 
analysis. Chunk rule 3002 may determine that a planogram 
shows brand chunks including brand A, brand B, and brand 
C. However, the image chunking 3006 also includes a brand 
D. The chunk rule 3002 may determine that a corrective 
action present with regards to chunk D. Facing rule 3004 
may determine that a planogram shows a certain organiza 
tion of facings including chunk 0, chunk 1, chunk 2, and 
chunk 3. However, the image facing 3008 includes addi 
tional chunks. The corrective action module 215 may deter 
mine that these additional chunks represent holes and a 
corrective action may be necessary. 
(0165 FIG.31 is a block diagram 3100 of developed rules 
for products. The corrective action module 215 may define 
a set of heuristics to be used during a corrective action 
evaluation for objects. For example, Product B in the 
planogram 3102 is shown as being vertical in position. 
However, when compared to the image 3104, Product B is 
horizontal in position. If during the corrective action evalu 
ation, a rule is present stating that Product B may never be 
horizontal, and it is determined that Product B is recognized 
and horizontal, a corrective action may be sent. This rule 
based system leverages rules assigned to the individual 
products. Thus, each product comes with a set of specific 
rules that only apply to that product and are leveraged by the 
corrective action module 215 using an algorithm that incor 
porates the specific rule when evaluating only that specific 
product. Thus, in the example, the rule about Product B 
being horizontal is part of the internal data structure com 
posed around Product B. 
0166 FIG. 32 is a flow diagram another embodiment of 
a method 3200 for determining a corrective action from a 
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realogram image. At 3202, the image recognition application 
103 may receive an image. At 3204 the gap detector module 
217 may perform gap detection and “productish analysis. 
The “productish analysis may be determining by the gap 
detector module 217 that a gap includes a potential product 
(e.g. there is a product in a location in a shelving unit, but 
the product was not recognized by image processing module 
203) or a hole (i.e. an empty location in a shelving unit, a 
visible out-of-stock). In particular, “productish analysis 
includes reviewing gaps and doing further analysis to deter 
mine the probability that the gaps may include an image of 
a product that cannot be definitively identified. At 3206, the 
analytics module 221 may perform brand chunking. At 
3208, the alignment module 219 may perform an alignment 
between an image and a planogram. At 3210, the corrective 
action module 215 may perform analytics or apply correc 
tive action rules. In some embodiments, the information 
produced by the alignment module 3208, aligning the plano 
gram and image, may be used for Stitching images, creating 
a recognition candidate list, determining corrective actions, 
generating ground truth data, or manual scoring of images 
and evaluation of planogram compliance. 
0.167 FIG. 33 is a flow diagram of one embodiment of a 
method 3204 for determining if a gap contains a product. At 
3302, the gap detector module 217 may determine a plurality 
of objects from the image. At 3304, the gap detector module 
217 may receive linear grouping data related to the plurality 
of objects from the image processor. At 3306, the gap 
detector module 217 may locate a gap in the linear grouping 
and information related to the gap in the linear grouping. At 
3310, the gap detector module 217 may determine whether 
the gap contains a product using the “productish algorithm. 
The “productish' algorithm includes determining if the gap 
contains a potential product or a hole. 
(0168 FIG. 34 is a flow diagram 3206 of one embodiment 
of a method for performing brand chunking. At 3402, the 
analytics module 221 determines a plurality of objects from 
the image. At 3404, the analytics module 221 determines a 
chunk of the linear grouping that includes products that 
share a characteristic. At 3406, the analytics module 221 
compares the chunk of the linear grouping with a corre 
sponding chunk of a planogram to determine neighboring 
chunks match. At 3408, the analytics module 221 compares 
the chunks of the linear groupings with the corresponding 
chunks of the planogram to determine that index positions 
match. At 3410, the analytics module 221 compares the 
chunks of the linear groupings with the corresponding 
chunks of the planogram to determine that aspect ratios 
match. At 3412, the analytics module 221 compares the 
chunks of the linear grouping with the corresponding chunks 
of the planogram to determine the number of similar facings 
in each chunk. 

0169 FIG. 35 is a flow diagram of one embodiment of a 
method 3208 for performing alignment. At 3502, the align 
ment module 219 determines a plurality of objects from the 
image. At 3504, the alignment module 219 retrieves a 
planogram that corresponds to the image. At 3506, the 
alignment module 219 compares the planogram and the 
image based on the plurality of objects and corresponding 
objects in the planogram. At 3508, the alignment module 
219 aligns the planogram and the image based on the 
comparison to determine a difference. 
(0170 FIG. 36 is a graphical representation 3600 for 
comparing a planogram 3601 and an image 3603. The 



US 2017/0178060 A1 

examples includes hidden out of stock 3602, where the 
planogram maps that one product should appear on a portion 
of the shelf and the image includes a second, different 
product on the corresponding portion of the shelf. The 
example also includes three visible out of stocks 3604 where 
the planogram indicates a product that should be present on 
the shelf and the image includes empty holes where those 
products should appear. 
(0171 The output of Corrective Action Module 215 out 
puts symbolic data (e.g. JSON, XML, YAML or other 
formats). The example XML below gives a location and kind 
for the four corrective actions in FIG. 36. The location may 
be represented as indices into the planogram based on a 
linear group index and a facing index. The location may be 
a planogram location, an image (realogram) location or both 
and may specified in other ways (e.g. in image coordinates 
or physical shelf coordinates). In addition to location and 
kind, other information, may be included. Examples of other 
information may include recognition information, mapping 
between planogram and image (realogram) information, etc. 

<CorrectiveActions.> 
<CA> 
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resentations are, in some circumstances, used by those 
skilled in the data processing arts to convey the Substance of 
their work to others skilled in the art. An algorithm is here, 
and generally, conceived to be a self-consistent sequence of 
steps leading to a desired result. The steps are those requir 
ing physical manipulations of physical quantities. Usually, 
though not necessarily, these quantities take the form of 
electrical or magnetic signals capable of being stored, trans 
ferred, combined, compared, and otherwise manipulated. It 
has proven convenient at times, principally for reasons of 
common usage, to refer to these signals as bits, values, 
elements, symbols, characters, terms, numbers or the like. 
(0175. It should be borne in mind, however, that all of 
these and similar terms are to be associated with the appro 
priate physical quantities and are merely convenient labels 
applied to these quantities. Unless specifically stated other 
wise as apparent from the following discussion, it is appre 
ciated that throughout the description, discussions utilizing 
terms such as “processing, “computing', 'calculating. 
“determining”, “displaying, or the like, refer to the action 
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0172 A System and method for matching an image to a 
planogram has been described. In the above description, for 
purposes of explanation, numerous specific details are set 
forth in order to provide a thorough understanding of the 
techniques introduced above. It will be apparent, however, 
to one skilled in the art that the techniques can be practiced 
without these specific details. In other instances, structures 
and devices are shown in block diagram form in order to 
avoid obscuring the description and for ease of understand 
ing. For example, the techniques are described in one 
embodiment above primarily with reference to software and 
particular hardware. However, the present invention applies 
to any type of computing system that can receive data and 
commands, and present information as part of any peripheral 
devices providing services. 
0173 Reference in the specification to “one embodi 
ment” or “an embodiment’ means that a particular feature, 
structure, or characteristic described in connection with the 
embodiment is included in at least one embodiment. The 
appearances of the phrase “in one embodiment in various 
places in the specification are not necessarily all referring to 
the same embodiment. 
0.174 Some portions of the detailed descriptions 
described above are presented in terms of algorithms and 
symbolic representations of operations on data bits within a 
computer memory. These algorithmic descriptions and rep 

and processes of a computer system, or similar electronic 
computing device, that manipulates and transforms data 
represented as physical (electronic) quantities within the 
computer system's registers and memories into other data 
similarly represented as physical quantities within the com 
puter system memories or registers or other Such informa 
tion storage, transmission or display devices. 
0176 The techniques also relate to an apparatus for 
performing the operations herein. This apparatus may be 
specially constructed for the required purposes, or it may 
comprise a general-purpose computer selectively activated 
or reconfigured by a computer program stored in the com 
puter. Such a computer program may be stored in a computer 
readable storage medium, Such as, but is not limited to, any 
type of disk including floppy disks, optical disks, CD 
ROMs, and magnetic disks, read-only memories (ROMs), 
random access memories (RAMs), EPROMs, EEPROMs, 
magnetic or optical cards, flash memories including USB 
keys with non-volatile memory or any type of media Suitable 
for storing electronic instructions, each coupled to a com 
puter system bus. 
0177 Some embodiments can take the form of an entirely 
hardware embodiment, an entirely software embodiment or 
an embodiment containing both hardware and software 
elements. One embodiment is implemented in software, 
which includes but is not limited to firmware, resident 
Software, microcode, etc. 
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0178. Furthermore, some embodiments can take the form 
of a computer program product accessible from a computer 
usable or computer-readable medium providing program 
code for use by or in connection with a computer or any 
instruction execution system. For the purposes of this 
description, a computer-usable or computer readable 
medium can be any apparatus that can contain, store, com 
municate, propagate, or transport the program for use by or 
in connection with the instruction execution system, appa 
ratus, or device. 
0179 A data processing system suitable for storing and/ 
or executing program code can include at least one processor 
coupled directly or indirectly to memory elements through a 
system bus. The memory elements can include local 
memory employed during actual execution of the program 
code, bulk storage, and cache memories which provide 
temporary storage of at least Some program code in order to 
reduce the number of times code must be retrieved from bulk 
storage during execution. 
0180 Input/output or I/O devices (including but not 
limited to keyboards, displays, pointing devices, etc.) can be 
coupled to the system either directly or through intervening 
I/O controllers. 
0181 Network adapters may also be coupled to the 
system to enable the data processing system to become 
coupled to other data processing systems or remote printers 
or storage devices through intervening private or public 
networks. Modems, cable modem and Ethernet cards are just 
a few of the currently available types of network adapters. 
0182 Finally, the algorithms and displays presented 
herein are not inherently related to any particular computer 
or other apparatus. Various general-purpose systems may be 
used with programs in accordance with the teachings herein, 
or it may prove convenient to construct more specialized 
apparatus to perform the required method steps. The 
required structure for a variety of these systems will appear 
from the description below. In addition, the techniques are 
not described with reference to any particular programming 
language. It will be appreciated that a variety of program 
ming languages may be used to implement the teachings of 
the various embodiments as described herein. 

0183 The foregoing description of the embodiments has 
been presented for the purposes of illustration and descrip 
tion. It is not intended to be exhaustive or to limit the 
specification to the precise form disclosed. Many modifica 
tions and variations are possible in light of the above 
teaching. It is intended that the scope of the embodiments be 
limited not by this detailed description, but rather by the 
claims of this application. As will be understood by those 
familiar with the art, the examples may be embodied in other 
specific forms without departing from the spirit or essential 
characteristics thereof. Likewise, the particular naming and 
division of the modules, routines, features, attributes, meth 
odologies and other aspects are not mandatory or significant, 
and the mechanisms that implement the description or its 
features may have different names, divisions and/or formats. 
Furthermore, as will be apparent to one of ordinary skill in 
the relevant art, the modules, routines, features, attributes, 
methodologies and other aspects of the specification can be 
implemented as Software, hardware, firmware or any com 
bination of the three. Also, wherever a component, an 
example of which is a module, of the specification is 
implemented as Software, the component can be imple 
mented as a standalone program, as part of a larger program, 
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as a plurality of separate programs, as a statically or dynami 
cally linked library, as a kernel loadable module, as a device 
driver, and/or in every and any other way known now or in 
the future to those of ordinary skill in the art of computer 
programming. Additionally, the specification is in no way 
limited to embodiment in any specific programming lan 
guage, or for any specific operating system or environment. 
Accordingly, the disclosure is intended to be illustrative, but 
not limiting, of the scope of the specification, which is set 
forth in the following claims. 
What is claimed is: 
1. A computer-implemented method comprising: 
capturing, by one or more processors, an image: 
processing, by the one or more processors, the image to 

identify a product based on a symbolic identifier; 
receiving, by the one or more processors, a planogram; 
identifying, by the one or more processors, a region of the 

planogram based on a linear grouping: 
determining, by the one or more processors, a geometri 

cally consistent match between the product and a 
sample product included in the region of the plano 
gram; and 

determining, by the one or more processors, an alignment 
between the region of the planogram and a correspond 
ing region of the image that includes the product. 

2. The method of claim 1, wherein determining the 
alignment includes determining a location in the correspond 
ing region that does not included an expected product based 
on the planogram. 

3. The method of claim 1, further comprising: 
determining, by the one or more processors, locations of 

corresponding products in the image based on expected 
product locations in the planogram; 

identifying, by the one or more processors, an unmatched 
location in the image where an expected product is 
mapped in the planogram and where a corresponding 
product is not identified in the image; and 

classifying, by the one or more processors, the unmatched 
location. 

4. The method of claim 1, wherein determining the 
geometrically consistent match between the product and the 
sample product included in the region of the planogram 
further comprises: 

identifying, by the one or more processors, a neighboring 
sample product in the region of the planogram; 

generating, by the one or more processors, a match by 
matching the neighboring sample product to a portion 
of the image: 

calculating, by the one or more processors, a matching 
score for the match of the portion of the image based on 
the matching; and 

determining, by the one or more processors, the geometri 
cally consistent match based on the matching score. 

5. The method of claim 4, wherein matching the neigh 
boring sample product to the portions of the image further 
comprises: 

determining, by the one or more processors, whether the 
match satisfies a condition for discriminating a correct 
match; and 

identifying, by the one or more processors, the match as 
the geometrically consistent match in response to the 
condition being satisfied. 

6. The method of claim 1, wherein the alignment is a 
difference and the method further comprises: 
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identifying, by the one or more processors, a corrective 
action based on the difference between the region of the 
planogram and the corresponding region of the image 
that includes the product; and 

providing, by the one or more processors, the corrective 
action. 

7. The method of claim 1, further comprising: 
identifying, by the one or more processors, an expected 

product included in the planogram; 
determining, by the one or more processors, a similar 

product included in a database of products, the similar 
product sharing a similarity with the expected product; 

presenting, by the one or more processors, the similar 
product; 

receiving, by the one or more processors, a selection of 
the similar products as an identified similar product; 
and 

storing, by the one or more processors, the identified 
similar product and the expected product for use in real 
world ground truth generation. 

8. A system comprising: 
a processor; and 
a memory storing instructions that, when executed, cause 

the system to perform operations including: 
capturing an image: 
processing the image to identify a product based on a 

symbolic identifier; 
receiving a planogram; 
identifying a region of the planogram based on a linear 

grouping: 
determining a geometrically consistent match between 

the product and a sample product included in the 
region of the planogram; and 

determining an alignment between the region of the 
planogram and a corresponding region of the image 
that includes the product. 

9. The system of claim 8, wherein determining the align 
ment includes determining a location in the corresponding 
region that does not included an expected product based on 
the planogram. 

10. The system of claim 8, wherein the memory stores 
instructions that, when executed, further cause the system to 
perform operations including: 

determining locations of corresponding products in the 
image based on expected product locations in the 
planogram; 

identifying an unmatched location in the image where an 
expected product is mapped in the planogram and 
where a corresponding product is not identified in the 
image; and 

classifying the unmatched location. 
11. The system of claim 8, wherein determining the 

geometrically consistent match between the product and the 
sample product included in the region of the planogram 
further comprises: 

identifying a neighboring sample product in the region of 
the planogram; 

generating a match by matching the neighboring sample 
product to a portion of the image: 

calculating a matching score for the match of the portion 
of the image based on the matching; and 

determining the geometrically consistent match based on 
the matching score. 
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12. The system of claim 11, wherein matching the neigh 
boring sample product to the portions of the image further 
comprises: 

determining whether the match satisfies a condition for 
discriminating a correct match; and 

identifying the match as the geometrically consistent 
match in response to the condition being satisfied. 

13. The system of claim 8, wherein the alignment is a 
difference and wherein the memory stores instructions that, 
when executed, further cause the system to perform opera 
tions including: 

identifying a corrective action based on the difference 
between the region of the planogram and the corre 
sponding region of the image that includes the product; 
and 

providing the corrective action. 
14. The system of claim 8, wherein the memory stores 

instructions that, when executed, further cause the system to 
perform operations including: 

identifying an expected product included in the plano 
gram, 

determining a similar product included in a database of 
products, the similar product sharing a similarity with 
the expected product; 

presenting the similar product; 
receiving a selection of the similar products as an iden 

tified similar product; and 
storing the identified similar product and the expected 

product for use in real world ground truth generation. 
15. A computer program product comprising a computer 

usable medium including a computer readable program, 
wherein the computer readable program when executed on 
a computer causes the computer to perform operations 
including: 

capturing an image: 
processing the image to identify a product based on a 

symbolic identifier; 
receiving a planogram; 
identifying a region of the planogram based on a linear 

grouping: 
determining a geometrically consistent match between the 

product and a sample product included in the region of 
the planogram; and 

determining an alignment between the region of the 
planogram and a corresponding region of the image 
that includes the product. 

16. The computer program product of claim 15, wherein 
the computer program product further causes the computer 
to perform operations including: 

determining locations of corresponding products in the 
image based on expected product locations in the 
planogram; 

identifying an unmatched location in the image where an 
expected product is mapped in the planogram and 
where a corresponding product is not identified in the 
image; and 

classifying the unmatched location. 
17. The computer program product of claim 15, wherein 

the computer program product further causes the computer 
to perform operations including: 

identifying a neighboring sample product in the region of 
the planogram; 

generating a match by matching the neighboring sample 
product to a portion of the image: 

calculating a matching score for the match of the portion 
of the image based on the matching; and 

determining the geometrically consistent match based on 
the matching score. 
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18. The computer program product of claim 15, wherein 
the computer program product further causes the computer 
to perform operations including: 

determining whether the match satisfies a condition for 
discriminating a correct match; and 

identifying the match as the geometrically consistent 
match in response to the condition being satisfied. 

19. The computer program product of claim 15, wherein 
the alignment is a difference and wherein the computer 
program product further causes the computer to perform 
operations including: 

identifying a corrective action based on the difference 
between the region of the planogram and the corre 
sponding region of the image that includes the product; 
and 

providing the corrective action. 
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20. The system of claim 8, wherein the memory stores 
instructions that, when executed, further cause the system to 
perform operations including: 

identifying an expected product included in the plano 
gram, 

determining a similar product included in a database of 
products, the similar product sharing a similarity with 
the expected product; 

presenting the similar product; 
receiving a selection of the similar products as an iden 

tified similar product; and 
storing the identified similar product and the expected 

product for use in real world ground truth generation. 
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