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(57) Abstract: Interactive product auditing with a mobile device is described. Example methods disclosed herein include perform -
ing, with an auditing device, image recognition based on a first set of candidate patterns accessed by the auditing device lo identify a
first product in a. first region of interest of a segmented image. The disclosed example methods also include prompting, with the
auditing device, a user to enter input associated with a first grid of the first region of interest displayed on a display, the first grid in-
cluding the first product The disclosed example methods further include determining, with the auditing device, a second set of can-
didate patterns to use to Identify a second product in a second region of interest of the segmented image, the second set of candidate
patterns determined based on the user input and a group of products identified in a neighborhood of the first region of interest.
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INTERACTIVE PRODUCT AUDITING WITH A MOBILE
DEVICE

FIBLD OF THE DISCLOSURER
{18811 This disclosure relates generally to product auditing and, more particalarly, io

interactive product auditing with g mobile device,

BACKGROUND

[OG02] Shell audig we typically perlomed by sending auditors to stoves 1o cotlent
information about different prodhects in the stores. Iy xome sxamples, shelf audits are
completed by performing foage recognition on point of sale mages taken by the suditoes,
For exwnple, retail extablishments, prodoct manafacturers, andior other bosiness
gstablishments may take advantiage of image recogoilion techaigues peddormed o8
photographs faken in such establishments {e.g., pictures of prododt shelving) to identify
guaniities and/or types of prodocis in inventory, 1o dentily shelves that need B be restocked
andfor the froqueney with which products seed resiocking, o recognize and read product
barcodes, 1 assess product arvangements and displays, ete. Toage moognition may be ssed in
identily oonsumer packaged goods displaved on store shelves. In some exanples, mage
recogrition spplications or programs aitempt to identity producis depicted i images of @
shelf taken at a point-of-sale. After the image recogmition application or program has

analyzed the point-of-sale froage, ao sudior manually reviews the results o verily the

aovuraey and/or paake corrections. Ap suditor typioally has 1o adjust or modify information

the results,

BRIEF DESCRIPTION OF THE DRAWIRGS
{803] FIG. 1 v a block diagram of an exarple gavivonment i which an sxample
auditing device construcied n accordance with the tesclungs of this disclosure o perfonm

interactive PrOguR {}.iiiii{?f‘&i,
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{8064} FIG. 2 is a block disgram of ap sxample tmplementation iplemenied by the
sudditing device of FIG, L

FRBBS] FIGR. 3417 are exatople nnplementations of g user intorface on the auditing
device of FIGS. 1 andfor 2 o perform inferactive product auditing,

006} FIG, 13 is 8 fowchart ropresentative of example maching-readable
istructions for interactive product suditing that may be exeouted by the example auditing
dovige of FIGS T andior X

{08a7] FIG. 14 is a Howchart repwesentative of example machine-readuble

Yo

instractions for updating » candidute pattorn Hst that may be executed by the example
audifing device of FIGS, 1 andior 2

{HBE] FIG. 15 35 o Sowohart reprosentative of exwnple muchine-readable
instryctions for npdating @ key performancs indicators that may be exevuted by the example
auditing device of FIGS. andior 2.

(808 FHGO 16 I3 o Yook diagrans of an example processor platform streciured to
execuie the example roachine-readable instroctions of FIGS, 13, 14 andfor 15 soplementad
by the example anditing device of FIGH. 1 and/or 2.

HBUR] Wherever possible, the same rofsrence mumbers will be used throughoui the

drawing{s} and accompanying wiitien description fo vefer 1o the same ov like parts,

DETVAILED DESCRIPFTION
{1 1] Manufacinrers are interested o measuring sffectiveress of product
adveriizements, In some examples, manufactures performm shell sudiis to analyze bow
products are being sold i stores and {0 mersure Key Performance lndicators (RPIs} that
provide information related 1o the manners in which the products are presented in the stores
and whether the stores are displayving the products according to the manofacinrers”

specifications, Typically, shelf anditing is 2 Iabor infensive and costly task, For example, in
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prior shell audits, o salos reprosentative visiis sach store and manually collects one or more
variables related to the display of sach product of interest, Such variables may inchude in-
store tocation, sumber of factngs, whether products holes wre pressut, and whether products
are out-of-stock. In some examples, collecting product nformation inclades the sales
represeniative nraoally scan barcodes o proaducts that appears on the shelves, which s
potentially time consuming. Furthermaore, the guality of the data collecied using such
methods may be acourate,

{8612} In some examples, the sudit data is collected using tmage recognition

techamiques, which allow the process to be partially auwtomated, I some such examplss, the

sales representative’s involvement in the awdit is Hdted 1o taking pictures of the shedves that
sre to be audited, Using image recoguition techaigues is typically mere acourste than having

the sales representative manually seau barpodes to oblatn informstion, but requives that the
pietures be sent io a conteal Jocation for provessing. In some such examples, processing the
unages and verifying the resulis &8 performed by 2 human and i3 thine comsuming, inefficien,
andd cusily.
{8813 Disclosed herein are example auditing methods, apparatusisysisns, and

aritcles of manufaciure {e.g., physical storage media) that may be mplenteried 1o perform

inferactive product anditing with an auditiog device esing buage recoguition, thus improving
the speed at which resulis are obiained, as well as the accuracy of the resalis, Tnteragiive
produet anditing as disclosed borein can sipmficantly redoce the turneground time of
receiving shielf st rosulis enabiing the user to caplurs the poiwd of sale tmage{s) and
wnmedistely view and modify results (o.g., which may include a segmented fmage oreated
hased on the point of sale image, Koy Performance Indictors (KPls), elo) nsing the auditing
device, Such interactive product auditing can wicrease the accursey snd efficiency of the

results, For sxample, the user can §ix orrors w the resulis andior immediately collsct more
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wformation related to the products recognived in the point of sale image. Thus, in some
examples, the results transatied Do the aaditing devive apd obtained at the Hme of the In-
store andiiare the foal results and do not require additionsd processing.

{8814} In exvamples disclosed herein, shell auditing & completed using an sxample
aaditing application executed on the suditing device, The example suditing application
includes # user interface that cnables a user (e, the sales sepresentalive ) Lo Ccapture oo oy
more point-ofsale mages of ¢ produgt shelf asing & camers on the auditing device, In some
examples, the suditing application snadyeos the quality of the point of sale images and, i
necessary, performs image stitching using the auditing deviee 0 oreate o siagle twage from
multiple point-ofsate images of the same product shelf, In some examples, a sel of candidate
patterns {e.g., » cundidate pattern Hat} s used as a gosde when performing the bmage
recogniiion. In sone such oxamples, the inftial candidate pattera Hst is defermined based on
the s, 2 product tvpe, andfor 3 nser input, oty

FOB15] In some examples, the aundiing appdication provwpts the user, via the user
interface, for an input refated w the position (.., top, middle, or bottom} of a reglon of
interest {e.g., each shelf), Based on the toput froen the waer, the suditing devive, in some
exanmples, performs vage reeognition on the shelf individually and displays, via the wer
tnterface, the auditing resulis for the shelf to the user, The results may tuclude, for example a
segimented image oreated from the polat-ofsals tmage using image recognition technigues
st KPH indicating variables related 5 cach product{s) depicted w the wnage. The
segmented Image ncludes, for example, & region of Interest, a grid, a confidence level
associated with each shelf, and an hudication of whethey the user reviewed the reenlts for each
shelf. The KPIs include, for example, respective shares of shalf space cooupted by the
differont prodocts, 2 task Hst for the wser 1 complete, assoriment <om sliancs, ste. in some

examples, the suditing application enables the user o maodify the resulis i an nleractive

£
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way, such as allowing the user to 8y ervers in the results, Inchuding errors in the segmented
frage and/or the KPIs, Brrors can include, for example, 8 fatlure of the nage recognition
systean to find a product iy a particudar focation on the shelf, a misidentification of u product,
a nuisidentification of one or more variables associated with the product {e.g, share of shelf,
pumber of facings, slo), gt
{3016} In some examples, the interactive suliting application gxecuted by the

anditing device considers mput{s) frony the wser related 1 o st region of interest {e.g., & first

shelf} u the scgmented tmage when perferming nmage reongnition on the wmaining regiony

of inferest {v.g., viher shelvesy, thus invreasing the scouracy of image recoguition rexalis for

the subsequent shelves, For example, the candidate pattern Hsl wsed (o recogaize products on
subseguent shebves can be updated based on the Inpat from the nser sod the products
identified in relation to the frst shelfl fn sone such examples, the foput(s) from the user

wclede a verification of prodacts identified or amodification of the results due 1o an ervor in
the recognitiion of the producis. In some examples, the user verifios and/or modifies the

results of each region of inderest o the andiling device prior © transnitiing the resulis to g

o
Fo

¥ for view by a chient. In such gxamples, the avditing device sends the resalis {o.g.,
segmented image, KPIs, et} and the potat of sale froages (¢ a contral server, T sonse
cxamples, the suditing device porforms the shell sudit without regeiring an interngt
soanection and fater connects o the nternel o rassmil the rosulis © the centrsl server,
{8171 PIG. 1 s 2 block diagram of an example epvironment HX inowhich an
example auditing device 102, constructed in aconrdancs with the teachings of this disclosure,
operates o perform inferactive aadus of product shebves in g store. 1o the Husterded exampls,
the auditing deviee 102 5 g smartphons, Howsever, in other examples, the suditing devige 1032

can be, for exanple, 3 mobile devics, # tablet, a laptop computer, andior any other suitable



WO 2017/055890 PCT/IB2015/002064

device. The exampls auditing device 102 s deseribed in further defadl in connoction with

{HGE8] The example eoviroument 100 includes an sxample g contrad server 1M
commutatively coupled to the asditing device 102 1o synclronize information with the
auditing device 102, In some exaropies, the example contral server 104 communicstes with
the anditing device 100 vig a wirgless internet network, Additicnally or aliematively, tn some
examples, the central sevver 1M communicates with the auditing device 102 asing any othey
suitable communication protocol, inchiding but not Hmited 0, 3 collular network, o data
setwark, Bluetooth, Radio-Frequency identification {RFID), Near Field Communication
{NFCY, or a wived tferpe! connection, e In some oxamples, product shelf apdiy data andfor
resulls arg communicaied botween the central server 104 and the suditiag deviee 1. For
cxample, the cendral server 108, in some examples, ransmis patiorns and/or images to the
auditing device 102, In some exampleg, the suditing devive 102 transmils reporied results
{2.¢., noage-based results andior KPIEY 10 the conteal server 13,

{H819] In the Hustrated exarople, the sxample envirooment BXY inclodes an exunple
pattern datatiase 16 in communication with the central server 104 via any wired andiowr
wireless network. The exsrnple pattern database 106 ncludes, iy scane examples, patterns

crreaponding to products to be audited by the auditing device 102, In some examgples, the
anditing device U2 performs Image recognition using the patterns {e.g., which may be
reference irnages, praphies, ete, of prodocis-of-nterest) o watch the paltens with prodacts
g the product shelf In some sxanples, the example pattery database 106 compounivates with
the central server 14 o syonchronize patterss to the auditing device 102, Aslditionatly or
alferoatively, ihe soditing device 102 may be in divect commurdeation with the patiern
database 106, In some examples, the patterns are compmuioated 1o the auditing device M3

prioe to the user seriving af 2 store to perform an sudit, In such examples, the wser i able o
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aadil the products in the store withont reconnecting o the central server 104 andior the
pattern database 106, In some examples, the auditing device 102 may be In conmunication
{£.8., via @ wireless network) with the contral server 104 and/or the patiurn database 106
while perfonming the prodact shelf andl in the store, In seme exanples, the auditing device
12 croates new a now pattern by dentiving & product on the product shelf that does not
mateh an existing patiern. 1o some such examples, the saditing devics 102 communicates the
sew pattern to the contral server 104 andfor the patters dalabase 106, In some examples, the
exampde pattern database 136 is implemented by 2 server. Additionally or alternstively, the
pattern database 106 can be implemented by, for example, @ mass storage device, such ax g
hard drive, & Tash disk, a Hash drive, ste.

{B8I8] In some sxamples, the ilostrated example cavironment 100 inchusles an taage

databuse 10X, In sowe exomples, the central sorver 104 8 in communtication with the muage
database 108 vig » wived andfor wireless network, In some examples, the evample ceniral
server 104 syachronizes data andior images botwen the example image dutabase 108 and the
example auditing device 102, Additionally or altvrnatively, in some sxumples, the auditing
device 102 s iy direct communication with the bmage database 108, In some examples, the
anpditing devics 102 transmits reported fmage-based resudts andior podnt of sale fnmages tothe
contral server 104 andfor {he tmage database 10X In sone such examples, the contral server
14 communicates the image-based resalts andfor point of sale tmages o the central server
W and/or the oage database 108, In some examples, the auditing device 102 transmits the
mmage-based resalis anddor the point of sale images medintely after obtuiniog the tmage-
based resulis and/or the point of sule images. In other examples, the auditing device 1082
delays fravsmittal of he mage-based results andior the potat of sale boages uniil the andiling
device 102 15 m conmunication with the central server 104 via @ network conneotion {0.g.,

such a8 o wireless and/or wired Internet connection). 1o some examples, the image database
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108 fravmits poind of sale images 1o the suditing device 102 andfor the conteal server 14, In
some examples, the unage database 108 s in commumication with the contral server 104, the
auditing device 102, audior the pattern database 106 vin any wired or wirglsss connection. In
sovme examples, the example mnage datobase 108 s iplomented by a server, Additionally or
alternatively, the image database 108 can be implemented by, for example, 8 mass siorage
device, such as 2 hard drive, ¢ Sash disk, & Bash drive, sto
{821} FIG. 2 i o block disgram of s example implewsentaiion of the auditing devige
12 of FIGL 1L In some sxamples, the exanple suditiog device 102 toncludes an oxample
suditing device provessor 202 structored to enable the auditing deviee to perform a product
shedf audit inleractively, In some sech exarples, the processor 200 w operatively coupled o
additional componens of the auditing device 102, such 45 an exanple camera 204, an
example display 208, andfor an Inputfoutput (70} andior other copunusication imterface 208
{822 In the llusiraded cxample, the suditing devies 102 tnchudes the example
carpera 204 aperatively coupled 1 the processor 202 In scme sxamples, the camers 204
captures point of sale inagels) of a reglon of interest {e.g., 8 product shelf) und
coomspumcates the image{st to the provesser 232, In some examples, the cupera 34 s
capabie of scanning barvodes to provide additional nput related (o the products to the point
of sale bmage(s) and may communicate the barcodes © the processor 202,
023 The examply auditing device 102 of the Hlustrated example nwloedes an
example display 206 operatively coupled o the provessor 302, The display 208, in some
examples, presents resilts to the wser vig wosey Inferbaee {eoge an mteractive and/or graphical
user terface } implemented by the example processer 232 of the auditing device 1 In
some examnples, the display 2086 i3 4 touchsorsen 1o sinaphly infevaction between the auditing

device W and the user when providing tnpai related 1o the displayed results, In some

gxamples, the user provides Inpat in responss 1 prompis on the display 206 communicated
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vin the user interface. In sorme examples, the user provides input to correet ermors in the
reaplis presented 0 the oser on the display 206 viy the oser Interface. FIGR. 3-12 depict
sxample representations of the user interface that may be buplanented by the example
processor 202 asing the example display 208 on the example apditing device 102,

{8024] In some examples, the anditing device 102 fnclades an example nputioutpat
{1/0) interface 208 operatively coupled io the provesser 202, The FO interface 208 is
operative o communicals with, In some examples, the contral sorver 104, the patiern
dutabase 16, andfor the image database 108 of FIG. 1. In some sxamples, the JO interface
2UI8 18 operative 1o interactively communicate with the nser nsing, for example, the deplay
206, u button on the andiling device, @ voice conunand, 8 gesture,  xensor 1o receive tuput
from the user, oo, In some such exgmples, the 1O intecfsce 208 enaliles the user to provide
tput o the wser luterface, vig the display 206, related to the products on the region of infersst
{e.2., the produst shelf) andior the rexulis displayed to the wser,

HHI2S] An exwople froplementation of the processor 202 of the example suditing
device 102 is also depivted 1 FIG. 2. In some oxamples, the example processor 202 of the
auditing device 102 includes av exaruple fiage segmentor 218, In some examples, the
sxample troage segmentor 10 of the processor 302 redetves the peiat of sale imgges from e
camery 204, In some examples where muliiple poid of sale image are captured for ¢ produy
shielf buing evaluated, the image segmentor 210 performs hmage stitching to combing the
wnittiple iages 1o creste ¢ single image corresponding o the praduct shelf Ao sxample
image stiolung process that may be tsed i connection with the example ingge segmentor
218 diaciosed hevey is deseribed i detadl i Tnternational Patent Application No.
PUT/AES2OIS00007R (nfernational Patent Publcation No, . titted Methods and

Apparatus 1o Capture Photographs Using Mobile Bevices, and filed on June 1§, 2013, which

ts hereby Incorporated by reference tu 18 eutirsty.
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{8026} In some examples, thoe inage segmenior 210 defines segments in the fmage

that may contain products to be dentified. Tn some examples, the Image segmentor 210
desipnates the locations of the segments in o segmented foage by defining shapes (e,
roctangles/boxes, efe.) arpund the segments andfor products. As wsed hereln, the term

segmented image” rofos 1o 2 point of sale Iage thet bas been sepmented by the mage

segmentor 210, and when displayed, the segmented bmage ncludes, for example, the bnags

content of the origimal fmage and the shapes {2.g., rectanglesiboxes, eie ) defining the

praducts identified in the Image. In some examples, the segmenisd imags is displaved ax a
portion of the resalis (2.8, the image-based results) via the wsey interface and the dsplay 2346
Try seamte such examples, the ange sepmenter 210 displays the segmented tmage to the aser
vig the weer nterfice {0 enabde a user 0 verify that the image s propely segmented andfor
ooTrect errors in the segmented fnnage. In some examples, the wer designates segments o be
added 1o the segmented image when reviewing and nferaciing with the resulis using the user
fmterface on the display 208 of the suditing device 102, In some such examples, the uker
interface of the suditing device 102 prorupts the user to define sndfor redefine the segments
in the segmoented tmage, In other such examples, the user defines addifional segments andfor
redetines existing segments ©© pomec! sogmentation orroris} made by the images segmentor
210 For example, a segmentation ervor inchades {atling (0 crente a sepment for g mroduct on
the shelf tha 1310 be ddeniified, crosting o segoient where there 18 80 product © be deniifiod,
creating » segment including oo many products to be identified, ete. In some examples, a
seginent is created where there s no praduct on the shelf, which nway correspond {0 an out-of-
siock prodect expectad {o.g., based o storeddreirieved information from prior aadil vesulis}
to be in that location on the shelf, An example image-bused resull including a segmented

inage designating example seginents using boxes s shown 1o FIG. 3, which includes sy
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cxample deplotion of an example tmags based rosult 308 Hdaplaved by the example user
imterface mplemented by the oxample processor 202,

8837 In some examples, the sepments defived by the image segmentor 310 inclusds

\

regions of terest. The rogions of interest, I some examples, correspond 1o shelbves {e.g.,
shelves of a product shelving unit) identified tn the tmage of the product shelving umit,
Examples of such regrons of interest corresponding to shelves are designated by, for example,
bos 306 of FIG, 3. Additiopally or alternativedy, o sowe examples, the regioms of interesi
correspond D an ontire product shelving vnit,  product type, an tndividual product, andior
any other area in the point of sale nage designated by the wser as a region of nterest, As
used bore, the tenm “product shebving unit” refers to g section of store shelving that fncludes
nnultiple shelves, the terms “shell” andfor “shelvey™ refer o fndividual shelves of the podust
shelving ondl, the term “product type” refers t0 products on the produect shelving unit andior a
shelf that are identified as the same product, and the orwm “individual prodect”™ refers 1o cach
product on the product shelving unit and/or & shelt] regardiess of product typs.

BBIR] In some exumples, the segments defined by the fmage segmentor 21¢ inclads
grids, In some examples, the girds correspond 0 8 product type (e, multiple insfances of an
individual product of the same product type are melnded tn the grid) Bxaples of grids
corresponding o the produst type ane depicted by, for exanple, box 308 of FXGL 3
Addittonally or alternatively, i other cxamples, the grids correspond to the produst shelving
unit, & shell, or an mdividual product,

[8028] In some sxanples, the provessor 202 inchudes an example candidaty pattam
selector 212, The sxample candidate patters selpttor 212, in somw oxamples, commurtonios
with the patiern database 106 to download patterns fram the patiern dutabase 16 o the
andiiing device 102, A pattorn, i some examples, inclodes 2 reference fruage of & produdt, &

graphical representation of a produst, logos/brand information depicted on product

w1
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packaging, et In some examples, the candidaie pattern seleotor 212 selects patterns i
download (o.g., downloaded patterns) based on a store andfor & type of store being sudited
and/or @ oser performing the andit. In some such sxnples, the candidate patter selegtor 212

selects and downloads the downloaded patterns to the audiling device 102 pricr o the user
beginning the shelf audit, Tu some exanples, the candidate pattom selector 212 seleois and
downlnads the downloaded patterns afler the audit 13 initialized. In some examples, the
candidate pattern selector 212 selocts g st set of patterns {&.g., a Hrst candidate pattern Het)
fram the downloaded patierns to be used by an example product identifier 214 {desoribed in
forther detail below} to evaluate a first region of intorest {e.g., » first product shelf}, In some

selected from the dow i‘immed patterns based o &

f’?

such examples, the first set of patterns
product type oF g store type ssseciated with the product shelf m:}g avaluated. In some such
sxamples, the product type s designated by an dnput fom & oser xn the nser inferface,
{88381 o souw examples, in response {0 a verification of é‘i}e products idendified by
the product identitior 214 1n the it region of interest, the mndzc\ak pattern selector 212
recgives an indication of the paiterns wsed by the product identt iff. r 214 during the svaluation
of the fivsi region of interest andfor an tndicabion of the patierns f;éaz;tching products in the first

s, hased on

reglon of wnterest, Ty some such examples, the candidaie pattern ¢
the first set of patterns andfor 1he received indication{s) of the mzzam gosooiated with the
fivst region of bueresi, & second sot of pattors {o.g., g second (:;-z:;aiiiﬁmt patiern B8 o be
used by the product identifier 214 to evaluate a second region of %.is‘ﬁeses;f in the segmented
iage. Inosome such examples, the candidate pattern selaotor Qiii ctermines & neighborhoad
of the products identified in the first regiow of infervest to assist in ;:iits{_zsin g the second sstaol

{}

t:‘l»b

patterns, In scame gxamples, the neighborhond for g given pwcﬁwei includes producis {gad

grids of products) immediately adjacent to andfor within g ;};:;m\;iai number of grids away

from the given produst identified i the fird regron of iterests fn s Kome exarmpies, the
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reighborhood of 8 given product identified io the Hest region of Interest includes the products
identified in the first region of buterest, other produsts identitied in the product shelf
contaiming the given product, other producis identified in veriBied regions of Interest of the

egmented image, andior produets ientified In unverified reglons of tnterest of the
sogmented oage, e some examples, the candidate pattern selector 212 chooses the segond
set of pattorns based on one or mow of » product catsgory, a calegory Tevel, » store, gie I
sowe such examples, the product category, the category level, or the store mugy be dotermingd
from the spgmented tmege andfor based on a user inpol. In some examples, the candidate
pattern selector 212 chooses & pew set of patierns to be used to ovaluate differens reglons of
interest in the segmented tmage. For example, if the segmented image tnchudes fve regions
of interest, the candidate patteny selector 212 may select a now set of patterns after sach of
the regions of inforest in the segmented image ts verified. In some such examples, the
candidate pattery selector 212 evaluates tnformation related 1o the products identified in
verified regionds) ol nterest (0 select the new sol of patterns used 1o evaluate & subsequent
region of toterest,
{831} In some exanples, the example product dentifier 214 of the processer 202

uses fmage recogniiion ochadgues o identify products o, for exdvaple, @ region of inlerest of

a segruenied age, o geid of the sogmenied tmage, vte. In some examples, the prodact
wWestifier 214 compares the prodocts in the reglonds) of fnderest amdfor the gra¥(s) to the
respective set of patterns obtained Yor that regioavanid {e.g., the first set of patterns s weed for
the Hest region of interesd, the seocad sot of patterns is ased for the second region of Interest,
eied For example, to evaluate the products in g first region of iatorest, the product identifier
214 of the tlustrated example compares the products 1 the Hirst set of patterus to find a

pattern that matches a product i the st regdon of futerest, To some examples, 2 product that

matchos a patiern 6 referred (o av an identifiod product. In seme examples, the produgt
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identifier 214 displays the identified prodadt in the corrasponting grid of the segmented
mage for verification by the user. An sxample ideotified produst matching a pattern 310 {8

shown 1 the example mage-based resnlts 300 of FIG. 3. In some examples, the product
wentitier identifics an out-of-stock product In ¥ sogment (e, which has no product) based
on awdil infenmation stored aoddor relrieved for s prior audit of the shelving vait and
identifying s product previonsly located in the shelving unit In some such examples, the
product identifier identifies a type of product that is cut-obstock.

{331 In some examples, the product identifier 214 identifies some or all of the
products in g region of interest audior a prodact shelf prior o displaving the idemified
produsts fo the aser in the sogmonted fmage via the user interface. In some such examples,
the prododt wdentifier 214 determines a confidence oved indicating the certainty that the

rroducts identified in the region of interest are acourate. In some examples, the confidence

leved i detormined as desoribed in, for example, Bternational Patent Application No.
PUT/ESIHINA0001LEY (Intornationad Palent Publivation No, 3 titled Product Auditing in

Podnt of Sale Images and filed on Sepieanber 1 2018, sohich i herehy incorporaied by
reforence in 1S entirety, In some examples, the product identifier 214 displays the vonfidence
fevel In the region of interest in the segmented bnage vig the user imerface. In some
examples, the prodact entifier 214 prompts the user to verify, via the aser inferface, that the
identificd product i covrest andior o selocs o correvt product to replace the identifiod product
via the user nterface. to some sxamples when the product idestifior 214 identifies 8 produst,

the product identifier 214 also daplays other potential matches for the producy, vig the user

interface, and prompts he user (o selecd the corvse! produet tos be the ideniified product, one
of the other displayed potential muatches or g dilferest pradedt entered by the nser. In some

such examples, i the potential matohes are not the corrent product, the user may use the

camera M o scan the bareode of the product andfor waay enter the product information

<14
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manually. In some examples, @ product in the reglon of interest does not mateh any
patterns, the product identifier 214 creates 2 new paltern corresponding to that product using
information entered by the user. Iy some such examples, the new pattern is cosmmunicated o
the pattern database 108,

033 o some examples, the processor inchudes an oxanple key performance
ingicator (KPD definer 216, In some exaroples, the example KPI definer 216 computes key
porformance wdicaiors (KPIs based on the shell pudil. In zome exumples, the KPI define
28 receives information related to the identified products (e, facings {e.g. 1 sidefs) of the
product fscing outward from the shelfy location, assoriments, share of shelf, In some
examples, the KPI definer 216 vomputes the number of products (e, the ol number of
products and/or the number of each type of product), Tn some examples, the KF definer 216
computes merk information {e.g., dimensions of the prodact) related 1o the products ona
sroduet shelf In some examples, the KPE definer 216 compiles information {e.g., computed
information and/or recetved fnformation) rolated to the product shelf andit, In some sach
exampes, the WP deliner 216 detormines the output KPix based on the information. In some
examples, the KPI definer 216 pompares the puipat KPls to target KFIa. In some such
examples, the target KPS are pre-defined andfor designated by the user prior to the sudd. In
some gramples, the cutput KPS are transmitied 1o the contral server 1B In spme such
examples, the cotput KPIv are queved for transmission to the contral server 104 when the
anditing device I is connected via & network connection,

{3834 In some exanpples, the KPE definer 218 oreates 2 to-do Hst inctuding tasks to
be completed by the user. In some examples, the KPs are displayed by the user interfaee
based on the type of K {o.g., tasks, assortment, share of shelfl promotions, prices, and

position). For example, FIGE, 46 and 9-11 Slusirate exguyde depictions of the KBls

o

displayed 1o lists vin the user interface of the suditing device 142, In some exampes, the

3
fonnst,
441

b
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KFls are modifiable using the Hsts displaved via the wser interface. In some soch examples,
the KPP defiser 216 prompis the wser o edit the K¥s. For example, in FIGL 5, a weer may
select the value 506 corrssponding fo the number of cach product on the shelf and changss
the value. In some such examples, changing the valoe 306 alse updates the percentags valus
S corresponding the product. I some exumples, some KPP, such as the share of shelf and
position KPF, nclude an tmage-based KPresult in the user interface of the auditing device
102 {ae shown o FIGS. 7, 8, and 12}, In some such oxamples, the KPIs are modifiable using
erther the Hsted KPT resulis display or the corresponding image-based KPP resnits display.

OU35] In some examples, the processor 202 tnclodes an exaraple resolis snalyvezer
238, The example results analyzer 218, evaluates the segroented fruage sadfor the hmage
based results to determiine whether the product identifier 214 has completed evaluation of the
regions of inferest or grids of the segmented foaages andfor the image-based resalis, In some
exampdes, the reselis analyzer 318 detormives i the user hag verified alf of the regions of
inderest andfor grids in the segmented tmgge andior the tmage-based resubis, In some
examples, the results aualyezer 218 additionally or alternatively determines fany KPls we i
be evaluated by the aser andfor whether the aser is 10 provide additional inpet based on the
K In some examples, the resulis anslveer 218 conununicates with the central server Hi4,
via the O inderface 208, o fransmit the Snald resulls to the contrad sepver 164,

{88361 In some examples, the processar 202 {ncludes an example storage device 228,
o some examples, the storage device 220 s I communication with the sxample foage
segmentor 218, the sxample candidate pattern selector 213, the exanpte product 1dentifier
214, the exvample KP detiver 216, the exauple resnlis analyeer 218, the camers 204, the
display 206, and/or the VO interface 208, In some examples, the camera 204 conwmunicaies
images {g.g. point of sale fmages caphired by the useny o the stosge device 220 for fater

ransmutial {0 the central server 1040 I some examples, the image segmentor 214 receives the
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point-of-sale images from the storage device 220, In other examples, the Image segmentor
ZH¥ stores g sopmented tmage in the storage devive 220 for later evaluation and/or later
sransmiital to the central server 104, I some examples, the candidate patters selector 212
deswnioads pafterns from the pattern database 16 1o the siorage deviee 220 andior reirieves
patierns from the storage device 223 10 oreate candidate patiorn Hsts. In some examples, the
product wdentifier 214 stores Image-based resulis (o, resudts not yot vertfied) to be presented
io the user in the storage deviee 220, In some examples, the KP definer 218 stores targst
KFis andfor output KPIs in the storage device 220, Tn some examples, the results analyzer
218 stores final results (image-based rexulis andfor KPRY in the storage device 220 for
transmnittal to the contral server 104

37T FIGL 3 fo an exanple image-based result 300 viewsble o an oxampls user
aterface implemented by the anditing deviee 102 of FIGS. 1 andfor 2 for tnteractive product
anditing. The example image-based result 300 iz created using an sxaple point-of-sule
image 332, which &s a background fayer in the illostratesd example, In the Shatrated exampls,

ihe image-based resolt 300 deplois g produst shelving ol 304 {ncluding one oy mors regions

of interest 306, o sowme examples, ¢ rogion of interest 306 tncludes one or more grids 30K, In
the example image-based resall 300, ¢ displaved grid 308 includes a candidate patiern 318
mtched o the product{s} o the goid 308, In some oxamples, the grid 308 includes more than
one nstanve of an individeal prodact 3120 In some examples, the tmage-based resull 300

<

mchudes an ervor, such a8 a product 314 that has not been properly segrmented. In some
examples, the immge-based result 300 inclados an indicator 316 tndicating whether the user
has reviewed the region of indervest 306, In some sech examples, when the user has verified
the products regron of interest 306 are correctly identified, the indicatey 316 Includes a

sigoifier 31X (g, 8 cheok ek} that the user has approved the reglon of nierest 306, In

some such examples, when the nser has not reviowed the region of nterest 306, the indicator

%

o

3
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316 sigmities that the region of interest 306 is not reviewed. In soms examples, swhen the
region of intersst 306 bas pot been evaluated, the Indicator 316 signifies that the regdon of
mterest 306 is pending evaluation. by some examples, the indicators 316 include respective
confidence levels 330 In some examples, the inage-based result 300 includes an edit bustan
332 to enable the user o edit the tmage-based resoli 300 In some examples, the imsge-based
esult 3R inclades & KPP button 334 that, when selected, displays & KPI viewsr o the aser
wterface.

{0038} FIG. 4 15 an example to-do Hst KPL 400 viewabls in an example aser interface
implemented by the sudiling devivs 102 of FIGS. 1 andior 2. Tn some examples, the to-do st
KPL 40 inchudes a title 402 to indicate which KP{ the user i viewing. The example to-do list
KP4 includes » Bist of products 404 related 1o tasks 1o be praformed by the user, Tu some
examples, the to-do Hst KPL 40U includes a logend 400 o provide instructions o the gser
redated o the tasks. In the dlustrated example, 3 product B the st includes an ndicator 408
{e.8., 1 Y indicating that the aser I8 1o add an indicated muaber of wnlts {eag, one enit of

the praduct to the shelfl In the iustrated sxauple, another product T the st inchudes an

indicator 418 {e.g, 17 indicativg that the user 18 o romove an indicated namber of units
{e.g. one wait) of the product {o the shelfl In svwme exaraples, the to-do list KP includes s

warning 412 {o wdicate that the user needs © complete one or more tasks before leaving the
stove, dn some examples, the te-do list KPT 40 wolodes o back button 414 1o retarn the user
o the provious view in the user interface.

{08391 FIG. S tvoan example sssortment KPLSUG viewable tn an example user
inferface mnplemented by the audiling device 102 of FIGE, 1 and/or 2. Tn some examples, the
assortment KPI 500 includes g title 302 to indicate which KPI the user is viewing, The
exanple assortment KPLSOO medudes a st of producis 304 including a number of uaits 536

for each product and 2 percentage SG8 of the unily dentilied 1o the shelving unit being
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apdited. In some examples, the pereentage 508 s based o the nursber of anils 506 of the
product that are on the example product shebving unit 304 of FIG 3, In some examples, the
user may change the muvber of product units 308 by selecting the namber of units 306 and
using 8 pop-up input wigdow {e.g., & keyboard) to adinst the munber of units 306, In some
sxanples, the assorinent KPS inclodes one or morg view-switching butions 314 In the
Hustrated example, the view switching battons S10 fnclude a lovel button 312 and ¢ produst
bulton 314, In some examples, the level view displays the preducts based on the region of

irderest {e.g., shelf) o which the product &8 located, In scane examples, the product view, as

-
oy

Fed

ilustrated in the example assortment KPS0, displays the products in s defined crder (e,

3

£

by producis having the maost pois) In sone examples, he assortment KPL 500 inchudes
back buiton 318 to return the aser 1o the previous vigw in the user interface.
{8401 FHE 6 13 an example share of shelf KFL U0 viewabde 1o an example user
terface unpdemented by the auditing device 102 of FIGKR. T andior 2. I some examples, the

share of shelf KPP ipcludes o title 802 o tndicnte which KPL the uaer s viewiog. by some
exanptes, the share of shelf KPI 608 tncludes a graph 604 representing the share of shelf
occnpied by specified produst pver time. In the lusteated exanple, the graph 604 Includes
entries based on a monthly basis, In some examples, the share of shelf for a product is
visuslly compared {0 8 target shave of shelf 608 wning the graph 804, In some sxamples, the
share of shell P 600 inchudes o Rat of products 6808 sssoviated wiith the graph. In some
pxamples, the shase of shelf KPI U0 digplaye the share of shelf messured during the Inst visy
foa st coloma 8L In some examples, the share of shelf measured duning the curvent andi
is displayved in the second columm 612 of the share of shelf KFI 0. In some examples, 8
target share of shelf {o.g. within a folerance, which may be the same or ditferent for different
products} is displayed in the third columa 814 In some cxamples, an indicator of whether the

measured share of shelf msets the target sharg of shedf ix dsplaved fna fourth codumn 616 In

SR
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some examples, the user can change the shave of shedf values (s, the measured share of
shelt from the current audit 612, the tuget share of shelf 614) by olicking on the values and
using & pop-up window 1o suter a pew share of shelf value, In some examples, the share of
shielf KPL 600 includes one oy mors visw-switching buttons 616, In the Blustrated sxanple,

3

the view switchiog butlons 616 tclade a level bunion 6318 and a product button 820, In same
examples, the share of shelf KPI 800 includes a back button 22 10 retorn the user to the
previons view in the user fnterface.

{841} FIGS. 7 and 8§ dopict an example sharp of shelf image-based KPY 700 viewable
w an example user toterface implemented by the suditing devics 102 of FIGS. 1 andior 2. In
some sxanples, the share of shell image-based KPY 700 s displaved to the user 1o cnuble the
user to change the share of shell of one or mere products identified in the product shelving
unit 2 ot FiG, 3. For example, in the dhusirated share of shelf image-based KPUTON, the
share of shelf for Kleenex Cottonelle® Toilet Paper 702 & changed from T3 o in FIG. T o
1M o in FIG, 8 In rosponse o the change of the share of shelf for Kleenex Cotlonelle®
Tailet Paper 702, the shave of shelf for Pepsi™ 704 changes from 60 oo in FIG. 7o 33 am
i FIGL S, 1o some examples, an unspecified shave of shelf 706 i editable the user 1o inchude
shares of shelf for different products on the shelll In some oxamples, the share of shelf image-
based KPL7O0 wncludes an odit bullon 708 1o enable the user 1o edi the respective shares of
shelf of the praducts. In some exemples, the share of shelf tomge-based KPLHN tnclndes

hack button 710 to return the nser o the previoas view in the user interface.

HIO42] FIG. 898 an example promuotions KPE OG0 viswable fo an example user

inferface implemented by the suditing dovice 102 of FIGS 1 andior 2. In some examples, the

promotions KPG includes o 1itls 902 o indicate which BP the user is viewing. In some
cantsples, the promotions KBE Q0O tcludes a Hstof producis 904 for which promatinais)
and/or discount{s} are vurrenty available, I some examples, gach product in the hst

20
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corresponds 1o an indicator fe.g, » "Yes” or "No) to indicate to the user whether the product
is nchuded i & cavrent promotion. I soane examples, the provotion KPT 900 inctudes 2 back
bution 906 1o relara the user & the provioes view in the user interface.

{8843 FIG. 10 1s an example prives KF O00 viewabde tn an examyple user interface
implemented by the ruditing device 1032 of FIGK. 1 andéor 2. 1o some sxamples, the prices
KB I00 includes @ 1itle 1002 1o indicate which KPI the user i3 viewing. In some examples,
the prives KPU 1000 includes a Bist of prodects 1004 neluding » price ndication 1006 for
sach product. Iy some examples, the prices KP includes ap edit button 1008 o coable the
user 1o et the prices. In some examples, the prices KFL 100G inchudes a back bution 1010w
return the wser o the previons view in the wser interface.

844 FIG. 1T is an exanple position KPE 110D viewable inay example aser

prs

interiace maplevaented the anditing device W o FIGE, T andior 3 1o sorve exanuples, the
position KPELI0O includes a title 1102 o Indicate which KPI the user 18 viewing. In some
examples, the prices KPLTIO tuchades a list of producis 1104 inchnding o position indication
1106 indicating a position on the product shelf for each prodadh. o some exarplos, the
indicated position includes eves (e, corresponding © an eye ~level position, g lop-fevel
position, et TIOS, hands {e.g., corresponding to ¢ band-level postiion, 8 mud-devel posihion,
ote} 111G, or floar {e.9., corresponding o a foor-level position, a bottome-level position, o0}
1113, which defive difforent positions of the shalving uni 304, In some examples, the
indicated position may nclude a combination of eves 1108, hands 1110, or floor 1112 Foy
sxample, @ product oa g shelf between sn oyves 1108 location and & hauds 1110 location may
indicate the product s 30% o eyes 1108 and SO in hanadz11 1 In some examples, the shawe
of shelf KPE 1108 tncludes ong or nwore view-switching butions 1114, Tu the Wusteied
example, the view switching buttons 1114 include a lovel button 1116 and g produdd button

1118, In some examples, the position KPL U0 weloedes a back bution 1120 0 returs the user
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o the previous view in the user intesisce. In some gxamples, the prices KPL 1100 nctedes an
auxibiavy botton 1122
{848 FIG, 12 depicd an example position mage-based KPY 1200 viewable fvan
example user interface impdemented by the andiling device 102 of FIGH. 1 anddor 2. In some
examples, the user uses the awxiliary button 1122 of FUE 11 o view the position fmage-
based KPE 12000 In some examples, the user uses the position image based KPLI0G w view

the position regions mclpding an eves regron 1282, « hands reglon 1204, and a feet region

o

S

1286, 1o some examples, the user may edit the stze and/or locations of the regions 1202,
1304, and 1206, In some such examples, an edit bation 1208 snatiles the user to edit the
regiong 1202, 1204, and 1306, In some examples, the positios image-based KF 1200
inchudes @ back button 1210 10 return the sser 1o the proviens view in the user interface.
{B046] While an exumple manner of implementing the anditing deviee 102 ol FYGL 1
iz iHustrated I FIG, 2, ong or more of the elements, provesses andior devices illastrated in
FIG. 2 may be combined, divided, re-arranged, omitted, eliminated and/or implemented in
any other way. Further, the example processor 202, the exampke camera 204, the example
display, 206, the example FO mterface 208, the cxample image segmentor 21, the example
candidate patterny selector 212, the exanmphe prochect idendifter 214, the sxample KPP deliner
216, the example results aoalyrer 218, the example storage devics 220, andior, more
generadly, the example auditing devics 12 may be implemenied by hardware, software,
firmvware andfor any combingtion of hardware, softweare saddor fivvoware. Thas, for exanple,
any of the example provessor 202, the exarple camers 204, the example display, 208, the
exanple O interface 208, the exampde irmage segmunter 21, the example candidate patiem
selector 212, the example product Kentifier 214, the sxavple KPY definer 216, the example
results analyzor 218, the example storags device 220 audfor, more gonerally, the example

auditing dovice 102 conld be implemented by one ov more analog ov digital oirouiis), logie

T el
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cironits, progravnmable processor{s), spplication speciiv infrgrated clroutt{s) (ARS8}
progranunable logie device(s} (PLIGEY andior fivld progranunable logie device(s)
(FPLDT). When reading any of the apparatus or system claims of this patent o cover g
purely software asd/or Bomware implementalion, al feast one of the example progessor 202,
the example camers 204, the example display, 206, the exsple VO nterface 208, the
example mage segmentor 2H, e example candidate pattern selectar 212, the example
product identifier 234, the exaaple KPLdefiner 218, the example rosuliz analyser 218, the
example storage device 230, andfor, more generally, the example muditing device 102 Ware
herehy exprossty defived o tnclede o fangible computer readable storage devics or storage
disk such g8 3 memory, 3 digital versatite disk (DVID, 8 covopaet disk (O, o Blu-ray disk,

gte. storing the seftware aadfor Homware, Purther stil], the example auditiag devive 102 of
FIG. 1 may include one o more elomeonts, provesses asddor devices in addition o, or instead
of, those Hlusteated (n FIGL 2, andior may include wore than one of anv oralf of the
Hlustraied eloments, processes and devices,

{08471 Mowcharts representative of example machine readable tostroctions for
implementing the example aunditing device 102 of FIGS. T sadior 2 ave shown in FIGR, 13148
I these example, the madhive readuble Instructions comprise & program oy programs for
sxscation by a processor such as the processor 1602 shown i the example processos
platform 1600 discussed below in convection with FIG, 16, The program may be embodied in
software stored on » tangible computer readalle stevage medium sach us 2 CIRVROM, ¢
floppy dizk, & hard drive, o digital versatite disk (DYDY, o Bheray disk, or e memory
assoctated with the processor 1603, Tt the ontire progeam oy programs and/or parts therent
could aliernatively be executed by u device other than the processor 1602 andfor embodied
Srmware o dedicated hardware, Further, although the cxample program Is deseribed with

reforenve to the Bowchart ilostrated i FIGE, 13-15, many other methads of mplementing
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the example auditing devive 102 the example processoy 202, the example camera U4, the
example display, 206, the example VO interface 208, the example image segmentor 210, the
example candidate patiern selevtor 212, the example product identifier 214, the example KPI
definer 216, the example resulis anadyzer 218, andfor the exampls storage devics 220 may
aliernatively be wsed, For exwople, the order of execution of the blocks may be changed,
andior some of the blocks desoribed may be changed, eliminated, oy combined.

D848} As mentioned above, the example processes of FIGR, 13415 may be
implemented using coded tnstructions {e.g., compater andfor maching readable instrachions}
stored on a fangible computer resdable storage medivm such as & hard disk drwve, a flash
menery, a readeonly memory (ROMY, 2 compact disk {CI), o digitad versatile disk (DYDY}, &
cache, a random-access memory {RAM) and/or any other storage device or storage disk in
which information 15 stored for any duration (o8, for exisnded tme perieds, permanentdy,
for brief instances, for temporanily buffering, andfor for caching of the wiormation) As wsed
herein, the tens tangible computey readable storage medium is expressly defined to include
any type of computer readuble storage device and/or storage disk and o exclude propagating
signals and transmission medin, As used hereln, "angible compater readable storage
medium® and "tangible machine readable sinsage wiedium” sre wsed wterchangeably.
Additionally or alternatively, the example processes of FIGS. 13-15 may be iplomenied
using coded instmictions {z.g., computer and/or machive readable instructions) stored on
non-teansitory computer andior machine readable medium such as a hard disk dnive, a flagh
memory, a read-only memory, a1 compact disk, a digital versatile disk, a cache, s randoms
accsss memory andior any other storage device or stomge disk i which information is stored
for any duration {e.g., for exiended time periods, permanestly, for brief instanees, for
teruporarity buffering, andier for caching of the information). As used hevetn, the fom non-

fransitory computer roadable medium 13 expresely defived o include any type of computer

« 24~
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readable storpe device andfor storage disk and to exchude propagating signals and
trancesission media, As weed heredn, when the phrase "ut luast” i used as the transition e
i 2 preavsble of o cladm, it is opervended in the same manner a8 the erm "comprising” i
open ended.

(60491 FIG. 13 I » Howchart 1300 representative of example machine-roadable
instractions for inferactive produst anditing that may be executed by the example auditing
device 102 of FIGS. L ambor 2. The nsiructions bogin oxecotion with the example camera
04 capturing 2 point of sale frage (lock 1302}, The example camera 204 fransmits the
point of sale image to the tnage segentor 210 and the Tmage segmentor 210 erestes
segmented image from the point of sale imgge (block 1304} The example candidate patiem
selector 2172 seleots & fhist set of patterns o be esed to evaluste the product shelt {hlogk
1308 The results anabvzer 218 detenmines i any regions of interest of the segmented image
fave not been evaluated (block 1308}, I the results aualyzer 21N detenmines that there we
regions of interest that are anevaluated (Mock 1308Y, the product idestifier 214 uses fmage
recogaition to identify products in the region of interest (block 1310}, In the fltestrated
example, the product identifier 214 estimates a confidence lovel assoctated with the ideny ified
products in the reglon of interest (Mock 1312} The example results analyeer 218 determines

i uny grids in the reglon of interest arg 10 be reviewed by the user {block 13143 i the results
anatyzer 218 determines that thers are goids 1o be reviewed by the user (hinek 13143, the
oroduct dentifier 214 receives toput from the wser velated to the products identitied in the
grids (block 1316} I the resulis analyzer 218 determines that there are no grids to be
reviewed by the wser, the example candidute patters selector 212 identifies patterns related to
the products identified {n the grid (dlock 1318}, The sxample condidate paiters selector 4 232

updates the set of patterss to be used durisg the product suds based on the identilied pattoms

{blook 1320). Excontion returns to block 1308
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[OE38 I the results avalyzer 21X determuines i ook 1505 that there are 80 o

regions of interest to be evaluated, the KPI definer 218 detormines output KFs based on the

praducts idensified during the shelf nudit and updates the outpat KPls based on a user inpat
{hlock 1322). The example resulis analyzer 218 displays the finel resulis {2.g.. the hvage-

based results and/or the KPISY (o the user vin the nser interface of the auditing device 102
{block 1324} The example results analyeer 218 then determines i the user made any changes
to the Hoal resulis (block 1328). I changes were made to the fual results, the instructions
return e block 1324, I no changes were made to the final results, the example results
analyzey 218 detonmines i there wre more product shelves in the store to evaluate (Mock
LA28). ¥ the rosults analyzer 2IR determines that there ave mose product shelves o evaluate
(slock 1326), oxecetion returns to ook 1302, 1 the results sualyzer 21X determines thal
there are no more prodoct shelves fn the store to evabuate, the results analyzer 218 tansils
the resalis o the contral server 104 (Mock 1330% Execution of the program of FIG. 13 then
ends.

B8S1] FIG. 14 45 8 Sowchart representative of example machine-readable
instructions for updating 2 candidate patiern Hst in Block 1320 of FIG. 13 and that may be
executes by the exampls auditing device 102 of FIG. L The instructions begin exeontion with
the example candidate pattern selector 212 receiving the user input related to a reviewed
region of interest (binck 1402} The example rosulls analyzer 218 verifies that olf grids n the
region of interest have been reviewad (block 1404), The example candidale patiorn sglecior
212 receives the resudts of the region of interesy, Including sn indication of the patterss
mstched fo prodects in the region of interest (block 1406} The example candidate patters
selector 2172 reviews the products identified In the region of inferest and the patierns matched
to the products (block 1408}, The example candidate puttern selector 212 anadyzes the

neighborbond of the products in the reglon of interest (block 1410} The candidaie patiern
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selector 217 analvzes the segmented image for additional information {o.g., number of
products ot analyzed, brand nformation for identified produsts, 210} to be used o update @
set of patierns (block 1412} The candidais patiern selecfor 212 crestes ¥ new set of patlerns
to use to audit the produes shelf © replace the first sel of pattorns ased o sudt the product
shelf thiock 1414). The candidaie pattern selegtor 2172 determines i more regious of tuterest
have been recetved (block 1416 B more reglons of inferest have been recetved (hlnck 1418},
sxgcution returns to hiock 14040 1 no more regions of Inderest bave been received, execation
of the program of FIG. 14 ends,

{B0821 FIG, 15 e a flowcharl representative of exarple machine-readable
tnstructions for updating key perforpunce indivgtons in Mook 1322 of FIG. 13 and that reay
be cxecnied by the example anditing device 102 of FIGS LanVor 20 The tnstractions begin
gxecniion with the example KPI defiper 216 wdentifyving the position of the one oy mars
products (block 15332} The sxample KPE definer 216 estimates metnie data {eg., dimensions

53

of a product, share of shelf of & product) for one ov more products (Mock 1304} The sxumple

KPI definer 216 determines 8 sumber of products in 3 rogion of fnterest {hlock 18¢8). The
example KPI definer 216 compares the cutpat BPIs calonlated in Bocks 1802 (0 1380

target KPIs designated by the user (blogk 1508). The example results analyzer 21X prepass
the resulis for iransmitiad fo the contral sorver 104 {Mock 13101 The example KPI definer
216 displays the output KPHs 1o the wser vis the user interfage and modifies the puiput
KPP, s approgeiate (Mock 1512} The exenple KPT definer 216 reoetves input from the
user related to the cutpui KPPy (hlock 1514} The example results analyveer 218 detorndnes i
any KPIs need to be reviewed by the user {(block 15161 I the resalis anadyzer 218 determines
there are BPIs 1o be reviewed by the usgr (lock 1518}, execution returns {o blogk 1314, In
the results analyzer 218 determines there g no more KPI o be reviewsd by the user (hlock

1618}, execution of the program of FIG, 15 ends,

)
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{083} FIG. 16 13 1 block dingran of an example provesser platform 168 structured
to exeoute the instructions of FIGS 13415 1o tmplement the swBiting device 102 of FIGS.
sndinr 2, The processor platform 1600 can be, for sxample, 2 server, a personsl pompater, 8
mobile device (e.g., 2 cell phone, 1 smart phone, 2 lablet such as an Pad™), & persony
digital aasistant {PDAY, an Iternet appliance, & digital video recorder, & personsd vides
recorder, or any other tvpe of computing device.

10854] The processor platform 1600 of the tlustrated example includes a processor
1602, The processar 32 of the llustrated example I8 hardware. Por examply, the processor
1602 can be tmplemented by one or more tntegrated Cireudts, loghe CIrCuiin, mHOTOPIOCRESTS
gy controtlers fromw any desired family or manufscturer. In the Hostrated exanple, the
processor 1600 execnies sxample nstructions 1632 corresponding 1o the sxample Instructions
of FIGS. 13, 14, andfor 13 {o imploment the example auditing device processor 202, the
gxanple fmage segmentor 21, the example candidate pattern selecior 212, the example
oroduct identifier 314, the example KPI definer 216, andfor the example reselis anatyzer 218,

BGS8] The processor 1602 of the Hlestrated examiple includes g local memory 1613
{e.g., a cache ) The processor 1602 of the illusirated example IS in commumcation with a
et memony including a volatile memory 1614 and a nog-volatile memary 1616 via a bus
1618, The volatile memory 1614 may be implemunisd by Synchronous Dynamic Random
Avcess Memory (SDRAM), Dynamic Randem Access Memory (DIRAM), RAMBUS
Dvnamic Ransdom Access Memory {RURAM) and/or any other type of random avcess
memory devics, The non-volatile memory 1616 may be implemented by flash memery
andior any other desired type of msmory deviee, Access 1o the waln memory 1614, 1616 48
comtrodled by # memory controllar,

108SE] The processor platforms 1600 of the tlustrated example dlso tclades an

interface clrouit 1630, The interface circult 1620 may be tmplemented by any type of

A%
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interface standard, such as an Ethernet interface, o wuiversad serial bus (USB), andlor 2 PO
sxpress urerfaoe.

{80371 In the illostrated exaraple, s or more input devices 1622 are connected o the
inferface cireuit 1620, The fnpet device{(s) 1622 permii(s} a user 1o enter data and compands
intn the provessor 1612, The fnput deviee(s) can be inplemented by, for example, an audio
sesser, a wicrophone, 2 camera {81l or video}, s keyboard, 2 batton, 1 mouse, 2 wuchsoresy,
a track-pad, a trackball, sopoint sndfor & vole recogaition system, In the Hustrated exemple,
the one or more input devics 1622 includes the example camern 24,

{658 One or more cutpat devices 1624 are also connecied to the Interface ciroult
1630 of the Hlustrated example. The output devices 1624 can be aplemented, for example,
by display devices {g.g.  light emitting dicds (LED}, an organic Hght emitting dicde
(OLEDN, a liguid orystal display, 8 cathode ray tube display {CRT), @ tnochsoreen, s factile
output device, » Hght emitting dlode (LED}, 2 printer andfor speakers), The interfave olrouit
1620 of the Hlusirated example, thus, typically includes a graphiog driver card, a graphics
driver ohip or a graphics driver processor 1o the Hststed example, the one O more ouipt
device includes the sxample display 206,

JHB%0] The tuterface circuit 1620 of the Hustrated example also includes &
communication device such as & ansmitier, a receiver, a tanseeiver, ¢ modem andios
netweork fotorface vard to oiiate exchange of data with extermsd puchines {e.g., computing
dovices of any kind) vin a network 1626 {e.g. an Ethemnet connection, a digital subseriber
tine {DSLY, & telephone Hoe, voaxial cable, # collular telephone aystem, oted In the Hiy istrated
example, the interface ciroult 1620 tmplements the example FO nterface 208,

066] The processor platform 1600 of the Wusteaied exampde also inclodes one or
moTe mass storage devices 1628 for storing software andior data, Examples of such mass

storuge devices 1628 include Noppy disk drives, hard drive disks, compact disk deives, Bl
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ray disk drives, RAID systems, and digial versatile disk {DVIX drives, In soms oxampies,
the mass storage device(s) 1628 andfor the volatile memory 1614 implement the example
starage device 224,

06611 The coded Instructions 1632 of FIGS 13-15 may be stored 1n the mass storage
device 1628, tn the volatile memory 1814, in the non-volatile memory 1816, wud/orong
removable tangible computer readahle storage medium such ag o CD or DVD,

(0862] From the forsgoing, 1t will sppreciated that the above disclosed example
methods, epperatus and articles of manufacture can redaes the overall cost of performing
shelf audits by not requiring complex infrastructures to perforn the image TeCoEmhion.
Additionally, the example methuds, apparatus, andfor articles of manuiacture disclosed
heretn teduce the smount of offfise manual ntervention required to seview and verily the
resulis, which is waditionally very costy, The example methods, apparatus andfor ariscles of
manufactore disclosed herein can also yeduce the amount of time botween collecting the
information and sbtaining the fnal resalis.

(00631 Although certain example methods, apparates and articles of manufacture
have been disclosed hersin, the scope of coverags of this patent is wot Hstted thereto, On the

comtrary, this patent covers all methods, apparatus and articles of manuductore fairty falling

within the scope of the claims of this patent.
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What I8 Cladmed Is:
1. An interactive product suditivg method comprisiag:
performing, with a provessor of an anditing device, image recogaition based on g fust
sotof candidate patterns acoessed by the auditing device to ientify a fivet product depieted
a first region of interest of & segronted fmage;
prowpting, with the processor of the auditiag devies, a user o epter g vset inpait
associated with o first grid of the st reglon of interest displayed on a display of the auditing
device, the flest grid Yocluding the fird prosiuct; and
determining, with the processor of the anditing device, a second set of candidate
paiterns 10 use to ientify a second product in a second region of interest of the segmented
image, the sevond set of vandidate patterns being defermrined based on the user taput and 2
group of prodacts identified in the segmented dmage i o neighborbood of the fistregivon e
nterest,
2. The methed of claim 1, frther Including

displaying, on the display of the wuditing device, an Image-based result for the Hest

and sevond products idestified in the first and second regions of interest; and
modifving the buage-hased resulis basad on the user inpul.
3. The method of elaim 2, wherehn modifying the image based results includes changing
an identificution of w least one of the first praduct or the scoond produst, o changiag 8

segment of the segmenied unags.
4. The method of clainy 1, funther ncloding
displayiog, on the display of the auditing device, key performumes ndicators
providing date related to the first and second producty;
displaying a prompt to the user for a second wsey input while the key performance

indicators are displaved on the display of the suditing device; and

.
Sss
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modifyiog at least one of the key performanee indicators based on the second user
.

S. The method of clatm 4, whereln the key prrformancs indicators inchude at least one of
respoctive shares of shelf space or respective positions of the first and second products in the
segmented bmage.

6. The method of olatm 1, forther including at feast one of detormining s location of the
first and second products n the ssgonted imagy, delermining respective numbers of facings
of the first gnd second products in the segmented image, detecting a grid in the firsd region of
interoat that is empty, or detecting 8 grid i the st rogion of intervest that Is associated with
an cat-obstock product.

7. The method of dlatrn 1, wherein the user input includes scarming 2 barcode assaciated
with the first region of interest fo tdeatify the first product.

8. The method of clatn L, wherein the fins 3ot of candudnte patiorns is selected based on |
at feast ooe of & stors belng sudited, g product category, or an suditor petforming the wmudit,

9. The method of clatm 1, wherein the second set of candidate patterns is forther
determined hased op at least one of & produdt ealsgory of a stare,

10 An auditing devics comprising:

& display;

ap inpat/outpel intecfaos;

a product identifier to perforny image recognition based on a first set of candidate
patlerns accessed by the auditing devics (o idemtify 8 finyd product depleted in s fisst reglon of
intergst of a sogrnented fmage;

i resulis analyeer to provapt, via the display, & user to enfey 3 user input, vig an
input/output interface, associated with a fivsr guid of the Hrst region of interest displayed on

the dispday, the first grid ncluding the fiest producy; and
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a candidaie patiern selector 1o detormine 2 second set of candidate patterns to use to
identify o second product in a second region of tuterest of the segmented fmage, the seeond

set of candidate patterns being deterndred based on the user inpat and a group of produsts
identified in the segmented hmage in g veighborhood of the first region of inderest

11, The audittag device of claim 10, wherein the resulis analyzer of the atzuiw device 18
further tor

display, via the display, an image-based rosult for the first and second prodacts
identifiod in the fist and secomd reglons of Intorest; and
ennble the user o wodify the image-based resalis.

12, The suditing device of clabm 11, wheredn the resulis analyzer s to modify the image
based resuits by changing an identification of at loast ong of the fivst product or the seennd
vroduct, or changing a segment of the segmented mage.

13, The auditiog device of claim 10, further including a key performance indicator definer
ol

determine key performance indicators providing data related 1o the first and seeond
prodects:

display the key performuncs Indicators displayed on the display; and

prompt for & second wser loput o modify ¢ least one of the key performance
indicators.

14, The auditing device of claie 13, wherein the key performance todicators tnctade at
feast nne of respective shares of shelf space or respeetive positions of the first and seeond
producis in the segmented mage.

15. The soditing device of cluim 13, wherein the key performance indicaior definer 18
further o

determine & Iocation of the first and secund products in the segmented Tmage; and

203
L
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determine respoctive punbers of fucings of the frst and second products in the
sppnaied tntage.
186, The muliting devics of clal 10, wherein an imsge segmentor & forther &
detect a grid wn the first region of fnlerest that is empty; and
detect g grid in the st rogion of fntcrest that is assootated with an out-adsingk
progduct.
17, The auditing device of ehdm 10, further inclusding & comera o
capture point-of-sale tmuges; and
sean & bareade associated with the fisst region of Interest i Wdentify the Srst product.
18, The anditing device of clabnt 1), wherels the candidate pattern selector is Turther t0
select the fest set of candidute patterss based on at least one of & store being audited, ¢
product calegoy, or 3 pser perfonming the mudit,

19, The suditing devics of claim 10, wherein the candidate patfern selector s further io

select the second set of candidute pattorns based on at least one of & product categary ara

N

S{oTe.
2 A rangible computer readalde storage mediuy comprising instructions that, when

execited, causes a rocessor of an auditing device to al east

perform tmage recognition based on a festset of candidate patterns accessed by the
sediting device 1o identily & Hest product deptoted s Hret rogion of fevest of a segmentad
age;

prompt & user 1o pnler ¥ nser mpot sssociried with 2 first grid of the first region of
tnterest displaved oo s display of the suditiog devies, the first grid including the first product;
and

determine a second set of candidate patterns 1o wse o fdeniify a second productin g

second region of interest of the segmented image, the second set of candidate patterns deing
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determined based on the user inpul and 8 group of products identilied o the segmented tmage
w a neighborhood of the fivst region of Interes,

21, The machine-readable instructons of olatm 28, wherein the instrocticns, when
exeouted, further canse the progessar i

display, on the display of the auditing devive, an tmage-based resuli for the first and
second products identified in the fust and second regions of interest; and
modity the image-based results based on the wser inpat,

23, The machine-reudable instructions of el 21, wherein the instructions canse the
pragessor o wodily the tmage based results by changlog an Wentification of af least ong of
the first product or the seeond producd, or changing o segoent of the segmented age.

23, The machime-readabde tnstructions of claim 30, whersin the instructions, when
exscuted, further canse the progessaor o

display, on the display of the auditing devige, key perfornnee indivators providing
duta related to the first and seeond products;

display a prompt ic the user {or a second weer mnpat while the hey perfornance
indicators are dsplayed on the display of the apditing device; and

modify af least goe of the Key performance indicutors based oo the sevond user inpul,

24, The machine-readable instructions of ¢ladm 33, whoretn the key perfornmance
indicators nchude ot loast one of respeotive shares of shelf gpace or respective positions of the
first and second products to the sepmeated inage.

25, The machinewreadable nstructions of clan 204 wheren the wirpctions, when
executed, further cause the processor io at least one of determmive & location of the Hrst and

seeond products dn the segmented image, delerming respective numbers of facings of the fist

and second products in the segmented fmage, detect & grid i the st region of Inferest that &8

(89
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srapty, of foteet a peid in the Ot rogion of interest that 18 associated with an out-of-stock
product

26, The machive-readable instructions of clabm 20, wherein the user foput includes
scanning & barcode assoclated with the frst region of taterest o identify {he Hest produst.
27, The machine-readable Instmeoticns of olain 20, wherein the first setof candidate
patterns i selocted based on af least one of a store being audited, a product category, or an
sudiior perdorming the audit,
28, The machine-readable instructions of claim 20, whereln the second set of candidate
paiterns 18 further dotermined based on at least one of g produc category or a stors.
3 An inferactive product auditing method conprising:
perforniing, with a processor of an auditing device, inage recognition on g fst
segmented image to dentify o Hrst product depivted in 8 Hrst region of wnterest of the
segmented intage;
determining, with the processor of the anditing device, s key performance indieator
based on the frst region of interost and produd information assoctated with the first product;
and
prowmpting, with the processer of the auditiog devics, 2 user to enler 8 user input o
modify the key performance indicator,
24 The method of olaio 29, further ihuding
displaving the key performance fndicator on ¢ display of the suditing device while
prompiiog the user;
modifving the key performance tndicator based on the user nput to determing a
modified key performance ndicator; and
displaving the modified key performance indicator on the display of the auditing

device,

~ 36
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31, The wmethod of claim 38, further inchuding transmining the medified key perfosmancs
ingioaior fo a contral server,

32. The method of claim 29, wherein the key porformance todicatog is a task 1o be
conyteted by the user prior o the ssey completing @ store sudll, the task to provide second
information related to the st prodoct and festregion of interest,

33 The method of olaim 29, further including wodiving the kev performance indicator
by changing a value related o the frst prodoct, wherets the valoe inchades at least poe of an
assortment, @ number of faciogs, » share of shell space, or a price,

34, The methed of clatvy 33, Rurther including displayiog, vina display of the suditing
device, an image-baged result incloding the segmented tmage and the value related 1o the firg
product,

33, The method of clatm 29, further including

identifying o second product i & second vegion of interest in the segmented fvage;
aund

determining the key performance indicaior based on the fiest product and the second
product,

38, The method of clair 29, wheretn defermining the key performance indicator mclades
at least ong of deternning s number of nstances of the fivst product in the first region of
interest, estitmating dmensions of the first product, or duntifying a position of the first
praduet o the firse region of nderest.

7. The methad of clatre 29, further inclodiog:
comparing the key porformancs tndicator with a target key performance ndicaton
and

displaying a result of the comparison on « display of the auditing device.

38, An auditing device comprising:
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a prodact identifier o perfonm frnage recognition on a Hirst segmenied image o
wentify a frst product depioted in a frst region of inferest of the segmented image; and
a ke performance indicator definer to
defermioe & key performance indicator based on the first region of
interest and prododt information associated with the Srst product; and
DIOINR & User to enfer 2 user inpat to modily the key performance
indicator,

3%, The anditing device of olaim 38, wherein the hey performance tndicator definers
further 1

display the key performanes indieator on @ display of the auditing device while
prosnpting the user;

modily the key performanes indicator based on the eesy inmt (o detenmine g modified
key performance indicator and

display the modified key porformancs indicator on the display of the auditing device.

40, The muditing device of clain 39, Hurther including an inpubioutpud interfacs
tansmit the modified key performance tndicator 16 2 contral server,

41, The suditing device of claim 38, wherein the key performance tndicator I8 s task to be
complotod by the aser pricr 1o the user complefing & store sudit, the task (o provide second
imformation related to the fiest product and Hest region of iMerest.

42, The suditing device of clatm 38, whernin the key performance indicator definer 8
further to modify the key performance indicator by changing a value related o the fisst

product, wherein the value nchudes at least one of an assortment, 3 number of facings, 2

share of shelf space, or a price.
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43, The suditing device of claim 42, Surther including o display of the auditing devics {0
shisplay an bnage-based rosuft including the segmentsd image and the value related 1o the firgt
product.
44, The auditing device of claim 38, whetein the key performuance tndicator definer is
further i

wdendify a second produst in g seonnd reginon of interest in the sepmented fnage; and
determing the key prrformance indicgtor based on the Bt produet and the seeond
product,

43, The auditing device of claim 38, wherein the Rey performance fndicator definer is
further to determing the key performance indicstor by gl least one of detormining o swaber of
instances of the fiest prodact in the Sestrogion of Interest, esthmating dimensions of the s
product, or identifving & position of the firaf prodoct v the st segion of interest,

48, The auditing device of clairs 38, wherein the key purformance indicator definer is
further

compare the key porformance fudicator with o farget key performance indicaion; amd

display a result of the companison on 2 display of the anditing device,

47, A tangibde compuior readable storage mediom comprising mstructions that, when
] i
gxpouted, causes 4 provessar of an auditing devics 1o at asi

perform bnage reeognion on d fst segmented Tomge o identify & fvst produat
depiotedd in a first ropion of inferest of the seamented image;
determine a key performunce indicator based on the fead region of inlerest and
peoduct information associated with the st product! and
preamp a user 1o enter & user mput {o modify the Rey performance ndicator,
48, The machine-readable instrections of claim 47, wherein the instruciions, when

sxeculed, further canse the processer 1
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display the key pecfornnunce indicator op & display of the suditing device while
prompling the user
madify the key performance indicator based on the user inpat to detvrnsine » modified
key performance indicatorn; and
display the madified key performance todicator on the display of the suditing device,

48, The machine-readuble instructions of ohstm 4%, wherein the ingiructions, when
executed, further cause the processnr 1o transeait the modified key pedformance ndicator o a
cemtral server.

58, The mackine-readabde fnsdractions of clabm 47, wherety the Key performance
ingdivator & ¢ task o be completed by the user prior 1o e user completing @ store andit, the
task o provide second fnformation related o the Hivst product and first region of interest,

51, The machine-readable mstructions of claim 47, wherein the instructions, when
execuied, farther cuuse the processor 1o madify the key performancs indicator by changiog 2
vihue related fo the first product, wherein the value includes af feast one of an sssoriment, &

numbier of facings, u share of shelf space, or a price

32, The machine-readably instructions of claim 51, whereln the instrustions, when

execnted, further come the processor o display, via o display of the anditing device, an

™

image-hased resull fnchuding the segmented image and the value related 1o the Urst prodect.
53, The machine-readadble (nstructions of cladm 47, whereln the dostructions, when
exeonted, further cause the processor &
identify a second product in g second region of Interest in the segmented fmage; and
determine the key performance indivator based on the first produet and the second
produst

54, The maching-readable structions of clatin 47, wherein the instructions, when

gxecuted, cause the processar 1o determing the key performance todicator by at least one of

40 -
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detormining a munbey of fnstances of the fiest prodhuet in the Brst region of wterest,
estimating dimensions of the fust product, or Identifving s position of the fiest product ip the
first ragion of interest,

58, The muchine-readable wnsirpctions of clatm 47, wherein the nstructions, when
executed, further canse the processor o
compare the key perdformance fondicator with 8 target Koy performance tndicator; and

display a result of the comparison o a display of the amitting device.

L41 -
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