(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
06 August 2020 (06.08.2020)

(10) International Publication Number

WO 2020/159606 A1

WIPO I PCT

(51) International Patent Classification:
GO05B 23/00 (2006.01) GO6N 20/00 (2019.01)

(21) International Application Number:

Pritech Park- SEZ, Sarjapur, Block 6A, Bellandur, Outer
Ring Rd, Village, Sarjapur, Bangalore 560 103 (IN). B, Ar-
avindakshan; Olympia Technology Park, Plot # 1, SIDCO
Industrial Estate No. 1, Chennai 600 032 (IN).

PCT/US2019/062908
. e . (74) Agent: SORENSEN, C. Blake; HP Inc., 3390 E Harmony
(22) International Filing Datez. 5 November 2019 (25.11.2019) Road, Mail Stop 35, Fort Collins, Colorado 80528 (US).

- . . (81) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind of national protection available). AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(30) Priority Data: CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
. DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
201941003799 30 January 2019 (30.01.2019) IN HR. HU, ID, IL, IN, IR, IS, JO, JP. KE, KG, KI, KN, KP.
(71) Applicant: HEWLETT-PACKARD DEVELOPMENT KR,KW,KZ,LA,LC,LK,LR,LS, LU, LY, MA, MD, ME,
COMPANY, L.P. [US/US]; 10300 Energy Drive, Spring, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
Texas 77389 (US). OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(72) Inventors: WIRANATA, Anton; 1311 W Chinden Blvd, TR. TT. TZ. UA. UG. US. UZ. VC. VN. ZA. ZM. ZW

Boise, Idaho 83714 (US). DAMERA VENKATA, Niran- o T e T mm s T e e e e
jan; Olympia Technology Park, Plot # 1, SIDCO Industri- (84) Designated States (unless otherwise indicated, for every

al Estate No. 1, Chennai 600 032 (IN). PRASAD, Hegde;

kind of regional protection available): ARIPO (BW, GH,

(54) Title: PROCESSING SERVICE NOTES

104-n

w0 2020/159606 A 1 | NI 0000 KO Y000 0 00 O 0 0

(57) Abstract: Example techniques for processing service notes are described. In an example, labeled service notes, associated with
fuser units of a plurality of image rendering devices, are processed to generate a vector corresponding to each of the labeled service
notes, a labeled service note comprising natural language text describing an error event and a corresponding service activity associated
with a fuser unit, wherein the labeled service note is assigned a label based on a category of failure of the fuser unit. Based on the
processing, a relationship between vectors and labels corresponding to the labeled service notes is generated.

[Continued on next page]



WO 2020/159606 A1 |10} 00 00000 NP0 0 0

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— as to the identity of the inventor (Rule 4.17(i))

Published:
—  with international search report (Art. 21(3))



WO 2020/159606 PCT/US2019/062908

PROCESSING SERVICE NOTES
BACKGROUND

0001} image rendering devices, such as printers and photocopiers print
content on media. Printing involves deposition of print material on a medium o
form markings on a medium.

{0002} An image rendering device operating based on laser printing
technology may incorporate a fuser unit to enable the printing. The fuser unit
has two rollers through which the medium passes during printing. The rollers of
the fuser unit are heated to melt the print material and when the medium passes
through the heated rollers, the melted print material is deposited on the medium
and the medium is pressed by the rollers such that the melted print maternial
bonds with the medium to form markings on the medium.

Bragr DESCRIPTION OF FIGURES

{0003} The following delsiled description references the drawings,
wherein:
{0004] Figure 1 illustrates a print environment implementing a machine

learmning system for processing service notes associated with image rendering
devices, in accordance with an example of the present subject matier;

{0005] Figure 2 Hlustrates a machine learming device for processing
service notes associated with fuser units of image rendering devices, in
aecordance with an example of the present subject matter;

{00086} Figure 3 #lustrates a machine leaming device for processing
service notes associated wilh fuser units of image rendering devices, in
accordance with another example of the present subject matier;

{0007] Figure 4 illustrates a method of processing service notes, in

accordance with an exampile of the present subject matter,

{0008] Figure 5 illustrates a method of processing service notes
associated with fuser units of image rendering devices, in accordance with
another example of the present subject matter; and
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0809} Figure 8 lustrates g computing environment implementing & non-
transitory computer—readable medium for processing service notes associated
with fuser units of image rendering devices, according o an example of the
prasent subject matter,

DeTALED DESCRIPTION

{0010} An image rendering device, such as a printer, plotter, photocopier
or fax machine may comprise a fuser unit to form impressions on a medium.
The fuser uml comprises a pair of rollers which are heated o melt 8 printing
material, such as toner. The melted printing malerial is then deposited on the
medium, as the medium is passed through the rollers, to form the impressions
on the medium,. Apart from melting the printing material, the rollers also apply
praessure on the medium so that the melted printed material adhere o the

medium.

{0011} Since fuser units experience heat and presswre during their
working, the fuser units are prone to malfunction and failure. Thus, the fuser
upits may undergo penodic maintenance and sometimes De replaced. There
may be a plurality of error events which may lead to servicing or replacement of
a fuser unif. For example, a fuser unit may undergo servicing after the fuser unit
has printed 20,000 pages. In another example, the fuser unit may need
replacement after three consecutive overheating events.

{00121 Analysis of such plurality of emvor events and their corresponding
service activities, for instance, for paltems of events that lead o failure of the
fuser units, may enable a prediction of fallure of g given fuser unit 1 be made.
Accordingly, fuser event pradiction engines may be implemented o predict
fallure of the fuser unifs. The fuser event prediclion engines may be trained to
predict malfunction of the fuser units based on the error evenis and
corresponding  service activiies recorded for a plurality of image rendering
devices in the past.

{0013} Thus, service notes describing error events and corresponding
service aclivities relating to the fuser unils may serve as lraining data for the

fuser event prediction engines. Generation of the fraining data from the service
2
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notes, involves manual processing of the service notes by experts to categotize
the service notes into various categories of failures of fuser units. Thus, each of
to a category of failure. Given that the volume of the service notes is large,
manual {abeling of the service notes is very time consuming.

{0014} According 1o various aspects of the present subject matier,
methods and systems for automated processing of service notes are describad.
in an example, the methods and systems for processing of service notes enable
labeling of the service notes, thereby eliminaling manual labeling of the service
notes.

[0015] According 1o example implementations of the present subject
matter, service notes comprising natuwral language tex! describing error event
and corresponding service activities, associated with fuser units of a plurality of
inage rendering devices, are obtained. The service notes are assignsd a label
based on a category of fallure of the fuser units to obtain labeled service notes.
in an example, the labeling of the service notes may be based on user inputs.
The labeled service notes are processed, for example, by a natural language
sgrvice notes. A veclor corresponding fo 8 labeled service nole may be
understood as a numerical representation of the service note generated based
on natural language processing of the servics note.

{0016] A relationship between veciors and labels corresponding o the
labeled service notes may be determined. For example, a leaming engine may
generate a function, mapping the relationship between the vectors and the
labels. Based on the determined relationship, a label for an unlabeled service
note may be determined. Thus, based on a sef of service notes that is labeled
by users, automatic labeling of further service notes may be performed without
user intervention. As will be apparent, the seat of service notes used by the
lsarming engine to learn the relationship between vectors and labels, may be
small in volume intlially and may increase in volume as the further service notes
are labeled.
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{0817} In an example, the service notes, labeled based on the above
described techniques, may be used {o train fuser event prediction sngines o
predict malfunction of the fuser units. Thus, the techniques to label service
notes described herein provide for large volumes of training data o be
generated for efficient training of fuser event prediction engines in a time-
efficient manner.

{0018} The above described methods and systems for processing of
senvice notes gre further described with reference to Figures 1 to 6. it should be
noted that the description and figures merely illustrate the principles of the
present subject matter along with examples described herein and, should not be
construed as a limidation to the preseni subject matter. It is thus noted that
various arrangements may be devised that, although not explicifly described or
shown herein, describe the principles of the present subject matter. Moreover,
all statements herein reciling principles, aspects, and exampies of the present
subject matier, as well as specific examples theredf, are intended to encompass
equivalents thereof,

[0019] Figure 1 illustrates a print environment 100 incorporating &
maching learning device 102, in accordance with an example of the present
stibject matter:

{00201 In an example, the print environment 100 comprises a plurality of
image rendering devices 104-1, 104-2, .., 104-n. Examples of the image
rendering device 104-1, 104-2, ..., 184-n include printers, plofter, scanners,

photocopier and any other slectronic devices that incorporate a fuser unit to
fuse a print material for deposition on a medium. Further, examples of the image
rendering device 104-1, 104-2, ..., 104-n also include 3D printers that may print
three dimensional objects based on an additive manufacturing process. in case
of the 3D printers, the fuser unit may be emploved o fuse materials used in the
additive manufacturing process.

[0021] in the print environment 100, each of the image rendering devices
104-1, 104-2, ..., 104-n may be gccessed by multiple users through their
respective user devices 106~1, 106-2,..., 106-n. Examples of the user devices
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106-1, 106-2,. .., 106-n include, but are not limited 1o, electronic device, such as
g deskiop computer, a laptop, a smariphone, 3 personal digifal assistant
{(PDAs), and a tablet that may aliow a user {0 communicate with the image
rendering devices 106-1, 106-2,..., 108-n. In an example, the user devices 106-
1, 106-2,..., 106-n may communicate with the image rendering devices 104-1,
104-2, ..., 104-n over a network 108,

[0022] The network 108 may be a single network or a combination of
muftiple networks and may use a variety of different communication protocols.
The network 108 may be a wireless or a wired network, or & combination
thereof. Examples of such individual networks include, bul are not limited 1o,
Global System for Mobile Communication (GSM) network, Universal Mobile
Telecommunications System (UMTS) network, Personal Communications
Service (PCS) network, Time Division Multiple Access (TDMA)} network, Code
Division Multiple Access {CDMA} network, Next Generation Network {NONJ,
Public Switched Telephone Network {PSTN). Depending on the technology, the
communication network 108 includes various network entities, such as
gateways, routers; however, such defails have been omitled for the sake of
brevity of the present description.

[0023] in the print environment 100, the image rendering devices 104-1,
104-2, ..., 104-n and the user devices 106-1, 106-2,..., 106-n may also
communicate with a server 110, The server 110 may be implemented as any of
a variety of conventional compuling devices, including, a deskiop, a personal
computer, a notebook or portable computer, a workstation, a mainframe
computer, and a laplop. Further, in one example, the server 110 may be a
distributed or centralized network system in which different computing devices
may host one or more of the hardware or software components of the server
110.

{0024} The server 110, for sxample, may be implemented by a service
provider or administrator associated with the image rendering devices 104-1,
104-2, ..., 104-n to perform a variety of functions relating to the image rendering
devices 104-1, 104-2, ..., 104-n. For sxampls, the server 110 may manage
subscription plans and maintain subscriber delails relaling to the users and their
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respective user devices 106-1, 108-2,..., 106-n. In an example, the server 110
may also define rights for the users, such that each user may use the image
rights. In another example, the server 110 may frack scheduled maintenance
activities for the image rendering devices 104-1, 104-2, ..., 104-n in the print
ervironment 100, Simiarly, in an example implemeantation, the server 110 may
receive and store user inpuls relating fo working of the image rendering devices
104-1, 104-2, .., 104-n.

{0025] In an example, in case a user faces an issue, such as occurrence
of error events in any of the image rendering devices 104-1, 104-2, ..., 104-n,
such as the image rendering device 106-1, the user may provide the user inputs
relating to the issue to the server 110. For the purpose, the user may
communicate with the server 110 via the user device 108-1. Various techniques
may be used by the users to provide the inpuis fo the server 110, In an
example, a web-based interface of the server 110 may be used. In another
example, an elecironic mail or message may be sent to the server 110, Further,
indirect modes of communication, such as a mode whers a user may
telephonically provide the information fo ancther user, such as a helpdesk
representative of the service provide who in turn enters the inputs in the server
110, are also possible. The user inputs may be in natural language.

{0028] It an example implementation, when an error event relaling 1o any
of the image rendering devices 104-1, 104-2, ..., 104-n is reported Dy a user or
detected by the server 110 even cotherwise, for example, based on an error
message generated by any of the image rendering devices 104-1, 104-2, ...,
104-n, @ service activity corresponding to the error event may be performed. For
instance, based on the user inpuls relating to the error event pertaining io the
image rendering device 106-1, a technician may service the image rendering
device 106-1 {0 address the error event. The technician's remark regarding the
service activity may also be recorded. The technician's remark, alike the user

inputs, may also be in natural language.

[0027] The user input pertaining {0 an error event and the remarks of a

technician in relation to the service activity corresponding to the error event
6
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comprises a service note associated with the image rendering device 106-1.
Accordingly, as will be apparent a service note comprises natural language text
describing an spror event and a corresponding service activity associated with a
fuser unit of the image rendering device 108-1.

[0028] In an example implementation, a database 112 is coupled to the
server 110 o store service notes associated with the plurality of image
rendering devices 104-1, 104-2, ..., 104-n. in an implementation, the database
112 may be implemented as a hierarchica! database, a network database, an
object-oriented database, or a relational database.

[0029] In accordance with an example of the present subject matter, the
maching leaming device 102, may be coupled {o the database 112 andior the
server 110 to obtain and process the service noles, for instance, to enable
prediction of an error event associated with the image rendering devices 104-1,
104-2, (.., 104-n. In an implementation, the machine leaming device 102 may
be implemented as any of a variety of computing devices, including, a server, a
mainframe computer, a workstation, a deskiop, a personal computer, a
notebook or portable computer, or a laptop.

[0030] In accordance with an example of the present subject matter, the
machine learning device 102 processes the service notes associated with fuser
units of the plurality of image rendering devices 104-1, 104-2, ..., 104-n. For the
purpose, the machine leaming device 102 may retrieve service notes from the
database 112, While the database 112 may include service notes associated
with various parts of the image rendering devices 104-1, 104-2, ..., 104-n, the
machine earning device 102 may filter the service notes associated with fuser
unifs of the image rendering devices 104-1, 104-2, ..., 104-n. Also, service
notes comprising error event, such as fallure and malfunctioning of the fusers

that lead to replacement {o the fuser may be fillered.

{0031} In an example, the filtered service notes associated with fuser
units of the image rendering devices 104-1, 104-2, ..., 104-n are labeled. In the
present context, iabeling of a service nole may be understood as assigning a
label to the service note based on a category of failure of the fuser unit. To

-
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stabiorate labeling of a service note, consider that the service note describes, for
instance, an error event, such as print qualily related issue, a paper jam issue,
or a noise related issue. Given that the error event has resulted in replacement
{o the associated fuser, the cause of fallure of the fuser is the print guality
related issue, paper jam issue, or noise relaled issue, as the case may be. The
sefvice note may accordingly be labeled as 'print quality related issue’, "paper
jam issug’, or ‘noise related issue’. Thus, a tag indicative of the category of
failure of the fuser unit is associated with each of the service notes, thereby
generating labeled service notes.

{0032] The labeling of the service notes may be performed by users, for
gxample, expers who may detemmine a cause of failure of the fuser unit based
on the natural text description included in the service notes. I some example
implementations, the labsling of the service notes may be performed by the
machine learing device 102 based on predefined rules defined by users.

{0033} The machine learning device 102 thereafler processes the
labeled service notes to generate a vector corresponding to each of the labeled
service notes. As explained previously, a service note comprises description of
an error event and a service activity associated with a fuser unit in a natural
language. The machine leaming device 102 performs natural language
processing of the service note to oblain a numerical representation of the
corresponding natural language description so as to render the natural
language description comprehendible by the machine leaming device 102, As
explained previously, each of the vectors is tagged with a corresponding iabel.

[0034] The vectors and labels corresponding to the Iabeled service noles
may be used to determine a label for an unlabeled service note. To determine
the iabel, the unlabeled service note may be converted info its corresponding
vector. In an example, the vector of the uniabeled service note may be similar to
a vector of a labeled service note i the labeled service note includes a natural
language description that is similar 1o the description in the uniabeled service
note. In an example, the similarity in the two descriptions and in fum the
simifarity in the two vectors, may enable the machine feaming device 102 to

8
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determine the iabel associated with the labeled service note {o be the label for

the uniabeled service note.

[0035] Thus, the veclors and labels corresponding {o the labeled service
notes may comprise a relationship there between that may enable labeling of
uniabeled service notes. In an example, the machine learning device 102
generates a funclion mapping a relationship between vectors and labels
corresponding 1o the labsled sewvice noles. Based on the relationship, the
machine learning device 102 may determine a label for an unlabeled service
note. Thus, using a sel of service notes that is labeled based on user
intervention, automatic labeling of further service notes may be performed. In an
example, the service notes labeled by the machine leaming device 102, may be
used o train a fuser event prediction engine 114 to predict malfunction of fuser
units.

{0038} In an example, the fuser event prediction enging 114 may be a
device implemented to predict an error event for a fuser, based on service notes
associated with past error events relating to the fuser. In an example, the fuser
event prediction engine 114 may be, a server. Further, in an example the server
may be a computing device, such as g worksiation, a mainframe computer, a
desktop, a personal computer, & notebook, 8 laplop or a portable computer.
Further, in one example, the fuser event prediction engine 114 may be a
distributed or centralized network system in which different computing devices
may host one of more of the hardware or software components of the fuser
event prediction engine 114,

[0037] Figure 2 shows the machine lsaming device 102, according to an
example of the present subject matter.

[0038] According to an implementation of the present subject matter, the
machine learning device 102 comprises a natural language processing engine
202 and a leaming enging 204. In an example, the natural language processing
engine 202 processes labeled service notes associated with fuser units of a
pharality of image rendering devices 104-1, 164-2, ..., 1041 to generate a vedior
corresponding to each of the labeled service notes. As explained in the

9
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foregoing description, a labeled service note comprising natural language text
describing an error event and 8 corresponding service activity associated with a
fuser unit and the labsl assigned fo the labeled service note is bassed on a
cateqory of failure of the fuser unil. The leaming enging 204 leams a
relationship between the veclors and the labels corresponding to the labeled
service notes. Unlabeled service notes may then be iabeled based on the
relationship belween the vectors and the labels.

{0039} Figure 3 tlustrates the machine leaming device 102, according to
another example of the present subject matier.

[0040] The machine learning device 102, among other things, includes
and a memory 302, interface(s) 304, and engine(s) 306. The memory 302 may
include any computerreadable madium including, for exampile, volatile memory
{e.g., RAM), andior non-volatile memory (e.g., EPROM, flash memory, elc.).
The inferface 304 may include a variety of software and hardware interfaces
that allow the machine leaming device 102 fo interact with other devices, such
as the user devices 1086-1, 108-2,..., 106-n or other inputoutput (fO) devices
that may be used (o provide inputs, such as user inputs and technician remarks
to the machine learning device 102,

{00413 The enginefs) 306 may be implemented as a combination of
hardware and programming (for example, programmable instructions) to
waplement certain functionalities of the engine(s) 306, such as processing the
service notes. in examples described herein, such combinations of hardware
and programming may be implemented in several different ways. For example,
the programming for the sengine(s) 306 may be processor éxeculable
instructions stored on a non-transtiory machine-readable storage medium and
the hardware for the engine(s) 306 may include a processing resource (for
example, implemenied as either a single processor or a combination of multiple
processors), 1o execute such instructions. In the present examples, the
machine-readable storage medium may store instructions that, when executed
by the processing resource, impiement engine(s;) 306. in such axamples, the
maching leaming device 102 may include the machine-readable storage
medium storing the instructions and the processing resource to execute the

10
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instructions, or the machine-readable storage medium may be separate but
accessible {o machine leaming device 102 and the processing resource. In
other examples, engine(s) 306 may be implemented by electronic circuitry. In an
axample, in addition to the above-mentioned natiral language processing
engine 202 and the leaming engine 204, the engine(s} 306 may also comprise
other engine(s) 310 that supplement functions of the machine learming device
102,

[6042] The data 308 serves, amongst other things, 8s 8 reposiory for
storing data that may be fetched, processed, received, or generated by the
engine{s} 306, The data 3086 comprises other data 312 corresponding to the
other engine{s) 310. In the illustrated example, the data 308 of the machine
learning device 102 also comprises natural language data 314, {eaming data
316 and transiation data 318. The other data 312 may slore the dafa pertaining
to the other engine(s) 310,

{0043] In an implementation, the machine leaming device 102 may
include a communication engine 320. In operation, the communication engine
320 retrieves inpuls of users perfaining 1o the error events associated with the
image rendering devices 104-1, 104-2,..., 104-n and remarks of technicians
servicing the image rendering devices 104-1, 104-2,..., 104-n upon pcourrence
of the error evenis. For the purpose, the communication engine 320 may
communicate with a database, such as the above-described database 112 that
stores details of error events and service activities relating to the plurality of
image rendering devices.

[0044] In an example, the database 112 may siore the user inpuls
pertaining to the eror events in a first column the database 112, In an exampie,
the user input may also include error codes relaling {0 the error events. The
database 112 may aiso store the corresponding remarks of technicians
addressing the error events in a second column the database 112, The remarks
of technicians may also include the error codes. For example, the database may
have numersus rows each comprising a user input and corresponding remarks
of a technician in two different columns. The communication engine 320 may

i1
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retrieve the first column and the second column from the database 112 and may
combing the inpuls of users peraining to the emor svents with corresponding
remarks of technicians, for example, by concatenating the fext relreved from
two columns, to oblain the service notes. The service noles that the
communication engine 320 thus obtains from the database 112 may be slored
as in natural language data 314 in data 308 of the machine leaming device 102.

[0045] The database 112 may store information regarding the error
gvenis and service activities relaling to the varous parls of components of the
image rendering devices 104-1, 104-2,. .., 104-n. Thus, in an example, entries in
the numerous rows in the database 112 may relate o the various parts or
componsants. The database 112 may include a third column fo record an
identifier, such as a part number to identify a component of the image rendering
device to which & row pertains. In an example, the part number may be
recorded in the database 112 by a technician or user.

[0048] In an exampile, the communication engine 320 filters the service
notes associated with the fuser unils of the image rendering devices 104-1, 104~
2,..., 104-n from amongst the various service notes stored in the database 112,
The filtering may be based on the parl number available in the database 112
Various other filtering lechniques, such as a filtering by a8 user or filtering based
an error codes, may aiso be employed. The filtered service notes may be stored
as natural language data 314 in data 308 of the machine learning device 102,

{0047 The fillered service noles may be labeled as sxplained above. A
labet input engine 322 of the machine learning device 102 may be implemented
to assign labels to the service notes associated with the fuser units to obtain the
labeled service notes. The iabeling of a service note may be performed by a
user who may determine a cause of failure of a corresponding fuser unit by
analyzing the natural text description included in the service note. For example,
to label a service note, a user may use a user device, such as user device 106-
1 1o access the filtered service notes stored in natural language data 314 via
interface(s} 304. The user may analyze a filtered service notes and indicate a
tabel which the label input engine 322 then assigns to the service note.

12
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[0048] It will be appreciated that initial labeling of few of the filtered
service notes may generate a finite number of labels that may then be assigned
to further filtered service notes. In some example implementations, the labeling
of g service note may be performed by the machine learning device 102 based
on predefined rules defined by users. In an example, the iabeled service notes
may be stored as the leaming dala 316 in data 308 of the machine leaming
device 102,

[G0489] The labeled service notes are pracessed by the natural language
processing enging 202, In an example, the iabeled service notes are cleaned fo
remove the letters, symbaols, syntaxes etc. For example, symbols, such as 4, *,
> % I are removed from the labelled service noles. In anocther example,
standalone numbers not ocourring with any word, standalone character that
appears alone are also removed while deaning. In an example, after cleaning
the data, the natural language processing engine 202 tokenizes the data such
that the dala is represented as strings. Consider an example of “printer
hardware branch scanning problem troubleshoot eth and fuser Bx.xx 01" as a
service note obtained from combining a user input “printer hardware branch
scanning problem” and a technician remark “troubleshoot etb and fuser
Bxox.017. The ickenized string may be ‘printer’, ‘hardware’, ‘hrancly’, ‘scanning’,
‘probleny, troubleshoot’, fuser’, Bxaxx 01, In an example, emror codes are
exiracted from the cleaned labeled service notes. For extracling error codes
from each of the cleaned labeled service notes, the cleaned service notes are
filteved based on a predetermined length and format of the error codes. For
example, if the predetermined length and format of error codes comprises six
characters, in the format XX XX XX, the labeled service notes having six
characters appearing in three consecutive groups of two characters each are
filtered and error codes are extracted from them. In an example, the error code
or & part thereof, such as first two characters of the srror codes are combined
with the respective cleaned labeled service notes 1o obtain combined labeled
service notes. For the purpose, the error code may be concatenated with the
tokenized string oblained from the respective cleaned labsled service notes. In
an example, if there are no error codes in a labeled service note, the service
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note may be marked with 2 token to indicate the same. For example, the labeled

service note without the error code may be marked as ‘no_srror_code’.

{0058] After the combined service noles are generated, features are
created for the {abeled service notes. In an example, technigues, such as term
frequency and inverse document frequency may be used o creats features. The
features are thereafter converted into vectors. As the veclors are generated
from the labeled service notes, the veclors also have their corresponding labels.
The veciors along with their corresponding iabels may be stored in the lsarming
data 316.

{0051] The leaming engine 204 learns a relationship between the veclors
and labels corresponding to the labeled service notes. For instance, ocourrence
of a given set of words, such as ‘high temperature’, ‘hot, 'heal’, in a service note
may indicate that the service note is related o a label indicative of a cause of
fallure {o be ‘over-heating’. Similarly, a vector corresponding to a service note
that contains terms, such as noise’, ‘sound’, ‘loud’ may be related o a labsl
named ‘roller issues’ indicative of a cause of failure t© be related to
malfunctioning of rollers or the fuser unit. In an example, the leaming engine
204 generates a function indicative of the relationship between the vectors and
{abels. The function may also be stored in the learning data 316.

{0052] In an example, the leaming engine 204 may use an algonthm,
such as gradient boosting, random forest, deep leaming to generate the
function indicative of the relationship belwsen the veclors and labels
corresponding to the labeled service notes. In several examples, it is also
feasible for the {earning engine 204 to generate more than one functions,
wherein in each function is generated based on a different algorithm or a
different combination of algorithms. As will be undersiood, implementations
where the machine learming device 102 incorporates mutltiple leaming engines
each operating based on a different algorithm or a different combination of

algorithms are also possible.
{0053] The machine leaming device 102, in an implementation, includes
a label prediction engine 324 is to determine a label for an unlabeled service
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note based on at {east one of the relationships fearnt by the leaming engine
322. Since the relationship leamnt by the leaming engine 322 maps vectors 1o
their corresponding labels, to iabsl the unlabeled service nole, a vector
corresponding 1o the unlabeled service note is generated by the label prediction
engine 324. The unlabeled service note is converted into a vector in accordance
with the technigues described in the foregoing description. In an example, the
label prediction engine 324 may obtain the vector of the unlabeled sewvice note
in coordination with the natural language processing engine 202. Thereupon,
the label prediction engine 324 uses the vector of the unlabeled service note
and at least one of the funclions generated by the leaming engine 322 to assign
the {abel.

{0054} In examples where the leaming engine 204 may generate more
than one functions, the label prediction engine 324 may determing a label using
gach of the functions. 7o determing the label that may be finally assigned to the
unlabgeled service note, a votg of the more than one functions may be
considered. For instance, if the leaming engine 204 uses three different
algorithms {o generate three different functions, the label determined by majority

of the three funclions may be considered.

{0055] In an example, if the unlabeled service note is not in English
fanguage, the same may be translated into English prior fo converting the
unigbeled service note into iis comresponding vector. For the purposs, the
machine learning device 102 may include a transiation engine 326 that may
determine the uniabeled service note o be in a language other than Enghsh, i
identifies the non-English language of the unlabeled service note and
accordingly provides for the transiation. For example, in case the {ransiation
gngine 326 identifies the non-English language o be French, the fransiation
engine 326 use French to English transiation engine, to transiate the unlabeled
service note into English. Thus, the translation engine may identify the non-
English language in which the service nole is wrilen and invoke a
corresponding translation engine. in an example, the transiated uniabeled
service nole may be stored as the translation data 318 in data 308 of the
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machine legming device 102, Once transiated, the vector of the uniabeled

service note is generated and assigned a 1abel as explained above,

[0058] In an example, the machine learming device 102 may alsoc
incorporate a fuser event prediction engine 328. The labeled service notes may
serve as a training data for the fuser event prediction engine 328 such that the
fuser event prediction engine 328 is enabled to predict an emror event for a
fuser, based on service notes associaled with past error events relating 1o the
fuser. As evideni, the fuser even! prediction engine 328 may aiso reside
external to the machine learning device 102, similar fo the above described
fuser event prediction engine 114,

[0057] Figure 4 Blustrates a method 400 for processing senvice notes,
according to an example of the present subject matter. Although the method
400 may be implemented in a variety of devices, for the ease of explanation, the
present description of the example method 400 {0 process the service noles s
provided in reference o the above-described maching learning device 102
implemented in the print environment 100,

[0058] The order in which the method 400 is described is not intended to
be construed as a limitation, and any number of the described method blocks
may be combined in any order {o implement the method 400, or an alternative
method.

[0059] i may be understood that blocks of the method 400 may be
performed by the machine learning device 102, The blocks of the method 400
may be execuled based on instructions stored in a non-ransitory computer-
readable medium, as will be readily understood. The non-transitory computer-
readable medium may include, for example, digital memories, magnetic storage
media, such as magnetic disks and magnetic tapes, hard drives, or optically
readable digital data storage media.

{0060} Referring to Figure 4, at block 402, inputs of users perfaining o
the error events associated with the plurality of image rendering devices is
retrieved. Similarly, at block 404, remarks of technicians servicing the plurality of

image rendering devices upon occurrence of the error events is also retrieved.
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The inputs of users and remarks of technicians may be retrieved from a
database, such as database 112 that stores details of error events and sewvice
activities relating to the imags rendering devices. In an example, the
communication engine 320 of the machine learning device 102 may oblain the
inputs of users and remarks of technicians from the database 112.

{0061} Al block 408, the inputs of users pertaining o the error events may
be combined with carresponding remarks of technicians o obiain service noles.
Combining the inpuls of users and remarks of technicians to oblain the service
notes may be performed by the communication engine 320 in an example.

[0082] From amongst the service notes describing events and service
activities relating to the various parts or components of the image rendering
devices, the service notes associated with the fuser units of the image rendering
devices are filtered at block 408. For example, the service notes retrieved from
the database 112 may be fillered based on part numbers as explained before.

{0063 The block 410, the fillered seérvice noles are labeled with a labsl
corresponding to a category of fallure of a fuser unit. The iabeling of the filtersed
sarvice notes, in an example, involves manual processing of the filtered service
notes by users 10 categorize the service notes info various categories of failures
of fuser units. In an example, the labeling may be performed by the machine
learning device 102 based on predefined rules inbuilt in the machine learing
device 102.

0064} The block 412, the labeled service notes are natural language
processed {0 feam a relationship between vectors and labels corresponding to
the iabeled service notes. Based on the relationship determined at block 412, at
block 414, labels are generated for uniabeled service notes. The unigbsled
service notes thus labeled at block 414 are used {o frain a fuser event prediction
angine, at block 416.

[0065] Reference is now made o Figure 5 that Hlustrates a method of
processing service notes associated with fuser units of image rendering
devices, in accordance with another example of the present subject matier.

Although the method 580 may be implemented in a varniely of devices, for the
17
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aease of explanation, the present description of the example method 500 to
process the service notes is provided in reference 1o the above-described
maching learning device 102 implemented in the print environment 100,

[0068] The order in which the method 500 is described is not intended {0
bea construed as a limitation, and any number of the described method blocks
may be combined in any order to implement the method 500, or an alternative
method.

{0067} it may be undersiood that blocks of the method 500 may be
performed by the machine learning device 102, The blocks of the method 500
may be execuled based on instructions stored in a non-transitory computer-
readable medium, as will be readily understood. The non-transitory computer-
readable medium may include, for example, digital memornies, magnetic storage
media, such as magnetic disks and magnetic tapes, hard drives, or opfically
readable digital data storage media.

{0068} Referring fo Figure 5, al block 502, labeled service notes
associated with fuser units of a plurality of image rendering devices are
obtained. In an example, the communication engine 320 of the machine
learning device 102 may obtain the labeled service notes from a database, such
as the above described database 112 that stores details of eryor events and
service activities relating to a plurality of image rendering devices.

100649] Al block 504, the labeled service noles are processed. The labeled
service noles gre processed o convert the labeled service notes into their
corresponding vectors. in an example, the natural language processing engine
202 of the machine learning device 102 may be generate the vectors. Since
examples of technigues of converling a labeled service notes into its
corresponding vecior is previously explained, the same is not elaborated here

for sake of brevily of the present description.

0070} Once the vectors and {abels corresponding to the labeled service
notes are obtained, at block 506, the vectors and labels are analyzed to
generate g function mapping, a relgtionship belween vectors and labals. In an

example, the leaming engine 204 may determine the funclion. Based on the
i®



WO 2020/159606 PCT/US2019/062908

function, at block 508, a label for an uniabeled service note is determined. For
instance, the label prediction engine 324 of the machine learning device 102
may determine a labsel for the uniabeled service note based on the function
determined by the learning engine 204.

[0071] Figure & #lustrates a computing environment 800 implementing a
non-transifory computer-readable medium 602 for processing service notes
associated with the fuser units of image rendering devices, according o an
gxample of the present subject matier. In an exampie implementation, the
computing environment 800 may comprise a computing device, such as the
maching learning device 102. The compuling environment 600 includes a
computer-readable medium 802 through a communication link 606. In an
example, the processor resource 604 may be a processor of the computing
device, that feiches and execules computer-readable instructions from the non-
transitory computer-readable medium 602,

[0072] The non-transitory computer-readable medium 802 can be, for
example, an intemal memory device or an external memory device. In an
example implementation, the communication link 606 may be a direct
commurication link, such as any memory readiwrite interface. in another
example implementation, the communication link 608 may be an indiredt
communication link, such as a network interface. In such a case, the processing
resource 604 can access the non-transitory compuler-readable medium 602
through a network 608, The network 608 may be a single network or a
combination of multiple nelworks and may use a variely of different
communication profocols,

[0073] The processing resource 604 and the non-transitory computer-
readable medium 602 may also be communicatively coupled 1o data sources
610. The data source(s) 610 may be used {0 store the leaming data, transiation
data, natural language data in an example. In an example implementation, the
non-transitory  computer-readable  medium 802 comprises  executable
instructions for processing service notes associated with the fuser unils of
image rendering devices. For example, the non-transiory computer-readable
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medium 802 may comprise instructions executable to implement the previously
described engines, such as communication engine, label input engine, label
prediction engine, translation engine etc.

[0074] It an example, the instructions cause the processing resource 604
to obtain a service note associated with a fuser unit of an image rendering
device. Az explained earlier, the service note comprises natural language text
describing an error event and a corresponding service activity relating fo the
fuser unil. The instruction may further determine if the service note is in English
language and in case the service noie is not in English language, the
instructions 612 may cause the service notes {0 be transiated into English.

[0075] Thereafter, the instructions cause the processing rescurce 804 1o
determine a label for the service note, wherein the Iabel is indicative of a
category of the failure of the fuser unil. In an example, the category may be
‘orint quality related issug’, 'paper jam issug’, noise related issue’, ‘heating
retating issue’. The label is genersted bssed on a8 function mapping a
relationship between labels and corresponding labeled service notes associated
with fuser units of a plurality of image rendering devices. in an example, the
mapping relationship may be stored in the leaming data, such as the learing
data 318 of the machine learmning device 102 as explained above. The
instructions cause the processing resource 604 10 access the leaming data and
thereaffer determine a labsl for the service note based on the mapping
relationship. The mapping relationship may be generated by natural language
processing of the service notes as explained above.

[0076] Thus, the methods and systems of the present subject matier
provide techniguss for processing service noles associated with fuser units of
image rendering devices. Although implementations of processing the service
notes have been describad in a language specific to structural features andior
methods, it is 1o be understood that the appended claims are not necessarily
imited to the specific fealures or methods described. Rather, the specific
fastures and methods are disclosed as example implementations for processing

the service notes.
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Claims:

1. A method comprising:

obtaining labeled service noles associated with fuser units of 3 plurality of
image rendering devices, a labeled service note comprising natural language
text describing an error event and a corresponding service activity associated
with a fuser unit of an imags rendering device, wherein the labeled service note
is assigned a label based on a category of fatlure of the fuser unit;

processing the labeled service notes 1o generate a vector corresponding
to each of the labeled service notes;

generating a function mapping a relationship between the vectors and
{abels corresponding to the labeled service notes; and

determining a label for an uniabeled service note based on the function.

2. The method as claimed i clabm 1, wherein processing each of the
labeled service notes comprises;

analyzing a labeled service note {o determine if an error code relating o
the error event described in the labeled service note s included in the labeled
service nole; and

extracting the eror code based on the analyzing 1o generate the vector

corresponding to the fabeled senvice note.

3 The method as claimed in claim 1 further comprising:
retaeving service notes associated with the plurality of image rendering
devices, from a database, wherein the dalabase stores detalls of error events
and service activities relating to the plurality of image rendering devices; and
filtering the service notes associated with fuser units of the plurality of
image rendering devices.

4. The method as claimed in claim 3 further comprising:
capiuring, in the database, error events based on user inputs pertaining
to error events associated with the plurality of image rendering devices; and
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capturing, in the database, service aclivities corresponding o the error
gvenis based on remarks of technicians servicing the plurality of image
rendering devices further {0 the error events.

5. The method as claimed in claim 3 further comprising labeling, based on
predefined rules, the filtered service nofes associated with the fuser units to

obtain the absled service noles

6. The method as claimed in claim 1 further comprising transiating the
unlabeled service note into English language if the unlabeled servicenole isina
language other than English.

7. A maching learning device comprising:

gnatural language processing engine o

procaess labeled service notes associated with fuser units of a
plurality of image rendering devices o generate a vector corrgsponding
fo gach of the labsled service noles, a labeled service note comprising
natural language text descnbing an eror event and a corresponding
service activity associated with a fuser unit, wherein the labeled service
note is assigned a label based on a category of failure of the fuser unit;
and
& leaming engine {o:

fearn a relationship between veciors and labels corresponding to

the labelsed sarvice notes.

8. The machine learing device as claimed in clgim 7 further comprising @
iabel prediction engine o delermine a label for an unigbeled service note hased
an the relationship leamt by the learning engine.

g. The machine leaming device as claimed in claim 7 further comprising a
fuser svent prediction engine fo train, using service notes labeled based on the

2

o



WO 2020/159606 PCT/US2019/062908

refationship between the vectors and the labels, {0 predict a matfunctioning event for g
fuser unit.

10, The maching learming device as claimed in claim 7 further comprising a
communication engine o
retrieve, from a database, wherein the database stores details of error
avents and service activities related {o the plurality of image rendering devices,
inputs of users pertaining to the error evenis associated with the
plurality of image rendering devices; and
remarks of technicians servicing the plurality of image rendering
devices upon pcaurrence of the ervor svents; and
combine the inputs of users peraining o the error events with
corresponding remarks of {echnicians to obtain service notes.

11, The machine learning device as claimed in claim 10, wherein the
communication engine is to filter the service notes associated with the fuser
units of the plurality of image rendering devices.

12. The machine leaming device as dlaimed in claim 10 further comprising a
fabel input engine 1o assign labels o service notes associated with the fuser

13. The machine leaming device as claimed in claim 7 further comprising a
translation engine to:

determine the unlabeled service nofe to be in a language other than
English; and

translate the unlabeled service note into English.
14, A non-transiory computer-readable medium comprising  instructions
axecutable by a processing resource {o:

obiain a service note associated with a fuser unit of an image rendering
device, the service note comprising natural language text desaribing an error
gvent and a carresponding service activity relaling 1o the fuser uni;
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determine a label for the service note, wherein the label is indicative of
category of fatlure of the fuser unit, wherein
the Iabel is gensrated based on g function mapping a relationship
between labels and corresponding labeled service notes associated with
fuser units of a plurality of image rendering devices.

15, The non-ransitory computer-readable medium as claimed in claim 14,
comprising insiructions executable by the processing resource {o transiate the
obtained service note into English.
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