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SYSTEM AND METHOD FOR COLLABORATIVE INK MANAGEMENT

'CROSS-REF ERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of European Patent Application No. 16290151.6,
filed August 16, 2016, which is expressly incorporated herein by reference and made a part

hereof.

TECHNICAL FIELD -

[0002] The present description relates generally to the field of handwriting recognition
systems and methods using computing device interfaces. The present description relates more

specifically to systems and methods for document collaboration using handwritten input.

BACKGROUND

[0003]  Computing devices continue to become ubiquitous to daily life. They take the form of

computer desktops, laptop computers, tablet computers, hybrid computers (2-in-1s), e-book
feaders, mobile phones, smartphones, wearable computers, global positioning system (GPS)
units, enterprise digital assistants (EDAs), personél digital assistants (PDAs), garhe consoles, and
the like. Further, computing devices are.being incorporated into education settings, such as with
intéractive whiteboards, vehicles and equipment, such as cars, trucks, farm equipment, A
manufacturing equipment,'building environment control (e.g., lighting, HVAC), and home and

commercial appliances.

[0004] Computing devices generally consist of at least one processing element, such as a
central p1'ocessiﬁg unit (CPU), some form of memory, and input and output devices. The variety
of computing devices and their subsequent uses necessitate a variety of interfaces and input
devices. One such input device is a touch sensitive surface such as a touch screen or touch pad
wherein user inp"ut is received through contact between the user’s finger or an instrument such as
a pen or stylus and the touch sensitive surface. Another input device is an input interface that

senses gestures made by a user above the input interface. A further input device is a position
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detection system which detects the relative position of either touch or non-touch interactions

with a non-touch physical or virtual surface.

[0005] With such computing devices, collaboration functionalities are becoming more and
more a requirement in certain fields of use, such as in education and corporate affairs.
Collaboration on documents and the like by users in the same location generally provides no

di f’ﬁculty in the creation or building of those documents, as the actors collaborate in person. such
as on an interactive whiteboard. However, with the rise of the so-called “cloud™. distributed
computing devices are able to be used to work on the same content at different locations at the
same time or over time. Such remote collaboration however leads to the potential of conflict

when interaction with related content occurs. -

[0006] Such conflicts have been convenﬁonally handled bv ‘locking’ remote editing of
documents when one user is acting on that document. Whilst this mechanism is effective to
eliminate conflicts, the *active’ user is typically only acting on a part of the document, such that
it is excessive to lock out all other actions on any other parts of the document. US Patent No.
8.1 ()8,779 describes a collaborative editing system which does not use document locking, rather
simultaneous editing is allowed and actions on the same content by more than one user are
detected and communicated between the user so that conflicts can be resolved by them. Such a

system requires users to be actively involved in handling conflicts.

[0007] Other systems have been proposed to eliminate this burden on users whilst resolving
conflicts. For example, US Patent No. 9,330,366 describes a system in which data layers for
different users’ modifications are used so that certain users’ layers can be given précedence over
those of other users. Similarly, US Patent Application Publication No. 2012/0231441 describes a
system using supervisor and subordinate users to mediate »conﬂi‘cts. However, such ‘master” and
‘slave’ systems go against the spirit of collaboration, as not all users are treated equally. which
leads to a poor user experience or application to only those use cases facilitated by such un-equal

relationships.

[0008] Collaboration is enhanced by certain input methods. For example, digital handwriting
is a particularly useful input type since user input can be captured quickly and without the need

for users to have high levels of software or application knowledge. Any of the above-described
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methods of input can be used generally for drawing or inputting text using handwriting. In such

methods, the users’ handwriting is interpreted using a handwriting recognition system or method.

[0009] Collaboration syStems using handwriting have also been proposed. For example, us
Patent Nos. 5,826,025 and 6,342,906 describe systems using annotation layers for handwritten
input which are overlaid on the collaborated ciocument. However, such systems require
centralized processing, such as with a client server, to process the content and actions captured
on the annotétion layers. US Patent No. 7,865,816 also describes a client server approaéh, but
using an annotation database rather than a layer structure. Such client server approaches however
require reasonably complex mechanisms forvarbitrating conflicts, which increases processing

complexity and time, thereby impacting on user experience.

SUMMA_RY
[{0010] The examples of the present disclosure that are described herein below provide
‘methods, systems and a computer program product for use in managing collaboration on

documents having digital ink on a network of computing devices.

[0011] In one example, the present disclosure includes a system for managing collaboration
on documents having digital ink on a network of computing devices. Each computing device
may include a processor and at least one non-transitory computer readable medium for
processing handwriting input under control of the processor. Each non-transitory computer
readable medium may be configured to cause display, on a display associated with the respective
computing device, of a document havingb digital ink based on a journal of the document, define
the journal to have a plurality of joufnél entries associated with at least handwriting input to the
document represented by the 'digital ink, and communicate, via the network, one or more of the
journal entries of the journal with ohe or more of the other computing devices displaying the
document. The handwriting input associated with the journal entries is handwriting input to the
document via the input interface of any of the computing devices displaying the document based

on the communicated one or more journal entries.

[0012] Each journal entry may be defined to include identification information identifying at

least that journal entry and content information on at least the handwriting input associated with
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that journal entry. The journal may be defined so that links between the journal entries are

formed based on the identification information of each journal entry.

[0013] Each non-transitory computer readable medium may be configured to define the
identification information based at least on time information on a time of the handwriting input
of the respective content information. Each journal entry, after the initial journal entry of the
journal, may be linked to one journal entry having time information in a time-order before the

time information of that journal entry.

[0014] The non-transitory computer readable medium of a first computing device may be
configured to branch the journal into two or more branched journal entries linked to one journal
entry having time information in a time-order before the time information of the branched
journal entries when the branched journal entries have content information on handwriting input
to the input interface of more than one of the computing devices, including the first computing

" device, with respect to at least a portion of the same digitai ink of the document, and the time
information of the branched journal entry having the content information on the handwriting

- input to a first input interface associated with the first computing device has a time-order after

the time information of at least one of the one or more other branched journal entries.

[0015] The non-transitory computer readable medium of the first computing device may be
configured to link a copy of the branched journal entry having the content information on the
handwriting input to the first input interface to a branched journal entry having time information

in a time-order immediately before the time order of the copied branched journal entry.

[0016] In another example, the _presenf disclosure includes a method for m'ana'ging'
collaboration on doCumenté having digital ink on a network of computing devices. Each '
computing device may include a processor and at least one non-transitory computer readable
medium for processing handwriting input under control of the processor. The method may
include the steps of displaying, on a display associated with one of the computing dévices, a
document having digital ink based on a journal of the docuﬁent, defining the journal to have a
plurality of journal entries associated with at least handwriting input to the document represented
by the digital ink, and communicating, via the network, one or more of the journal entries of the

journal with one or more of the other computing devices displaying the document. The
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handwriting input associated with the journal entries is handwriting ihput to the document via the
. input interface of any of the computing devices displaying the document based on the

communicated one or more journal entries.

[0017] Each journal entry may be defined to include identification information identifying_ at
least that journal entry and content information on at least the h_andwfiting input associated with
that journal entry. The journal may be defined so that links between the journal entriés are

formed based on the identification information of each journal entry.

[0018] The method may define the identification information based at least on time.
information on a time of the handwriting input of the respective content information. Each
journal entry, after the initial journal entry of the journal, may be linked to one journal entry

having time information in a time-order before the time information of that journal entry. -

[0019] - The method may, at the non-transitory computer readable medium of a first
computing device, branch the journal into two or more branched journal entries linked to one
journal entry having time information in a time-order before the time information of the |
branched journal entries when the branched journal entries have content information on
handwriting input to the input interface of more than onebo’f the computing devices, including the .
first computing device, with respect to at least a portion of the same digital ink of the document,
and the time information of the branched journal entry having the content information on the
handwriting input to a first input interface associated with the first computing device hés a time-

order after the time information of at least one of the one or more other branched journal entries.

[0020] The method may, at the non-transitory computer readable medium of the first
computing device, link a copy of the branched journal entry having the content information on
 the handwriting input to the first input interface to a branched journal entry having time

information in a time-order immediately before the time order of the copied branched journal

entry.

[0021] In another example, the present disclosure includes a non-transitory computer
readable medium having a computer readable program code embodied therein. The computer

readable program code may be adapted to be executed to implement a method for managing
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collaboratidn on documents having digital ink on a network of computing devices. Each
computing device may include a processor and at least one non-transitory computer readable
| medium for processing handwriting input under control of the processor. The method may
- include the steps of displaying, on a display associated with one of the computing devices, a.
document having digital ink based on a journal of the document, defining the journal to have a
| plurality of journal ehtries assqciated Wi-thv at least handwriting input.to the document represented
by the digital ink, and commﬁnicating, via the network, one or more of the journal entries of the
journal with one or more of the other computing devices displaying the document. The -
handwriting input associated with the journal entries is handwriting input to the document via the
input inferface of any of the éomputing devices displaying the document based on the

communicated one or more journal entries.

[0022] Each journal entry may be defined to include identification information identifying at
least that journal eéntry and content information on at least the handwriting input associated with
that journal entry. The journal may be defined so that links between the journal entries are

formed based on the identification information of each journal entry.

[0023] The method may define the identification information based at least on time
information on a time of the handwriting input of the respective content information. Each
journal entry, after the initial journal entry of the journal, may be linked to one journal entry

having time information in a time-order before the time information of that journal entry.

[0024] The method may, at a first computing device, branch the journal into two or more
branched journal entries linked to one journal entry having time information in a time-order
before the time information of the branched journal entries when the branched journal entries
‘have content information on handwriting input to the input interface of more than one of the

| computing devices, including the first computing device, with respect to at least a portion of the

: 'sanﬂe digital ink of the document, and the time information of the branched journal entry ‘having
the content information on the handwriting input to a first input interface associated with the first
computing device has a time-order after the time information of at least one of the one or more

other branched journal entries.
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[0025] The method may, at the first computing device, link a copy of the branched journal
~ entry having the content information on the handwriting input to the first input interface to a
branched journal entry having time information in a time-order immediately before the time

order of the copied branched journal entry.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]  The present system and method will be more fully understood from the following
detailed description of the examples thereof, taken together with the drawings. In the drawings

like reference numerals depict like elements. In the drawings:

[0027]  FIG. 1 shows a block diagram of a collaboratioh environment in accordance with an

example of the present system and method;

| [0028] FIG. 2 shows a block diagram of a computing device in accordance with an example

of the present system and method;

[0029] FIG. 3 shows a block diagram showing an example visual rendering of a diéplay and

user input area on at least a portion of the input interface multiple computing devices;

[0030}] FIG. 4A shows an example document displayed on the display and input area of one

of the computing devices having handwritten input rendered as digital ink thereon;

[0031] FIG. 4B shows a document journal associated with the document of FIG. 4A in

accordance with an example of the present system and method;

{0032} FIG. 5 shows a block diagram of a system for handwriting recognition in accordance

with an example of the present system and method;

[0033] FIG. 6 shows a block diagram illustrating detail of the handwriting recognition

system of FIG. 5 in accordance with an exarhple of the present system and method;

[0034] FIG. 7A shows the eXample document of FIG. 4A having further handwritten input

rendered as digital ink thereon;
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[0035] FIG. 7B shows a document journal associated with the document of FIG. 7A in

accordance with an example of the present system and method;

[0036] FIG. 8A shows the example document of FIG. 7A having further handwritten input

rendered as digital ink thereon;

[0037] FIG. 8B shows a document joufnal associated with the document of FIG. 8A in

accordance with an example of the present system and method;

[0038] FIG. 9A shows the example document of FIG. 8A having further handwritten input

rendered as digital ink thereon;

[0039] FIG. 9B shows a document journal associated with the document of FIG. 9A in

-accordance with an example of the present system and method;

[0040] FIG. 10A shows the example document of FIG. 9A having further handwritten input
rendered as digital ink thereon and an example document displayed on the display and input area

of another of the computing devices having the digital ink rendered thereon;

[0041] FIGS. 10B and 10C respectively show document journals associated with the

documents of FIG. 10A in accordance with an example of the present system and method,;

[0042] FIG. 11A shows the example documents of FIG. 10A ha.ving further handwritten

input rendered as digital ink thereon;

[0043] FIGS. 11B and 11C respectively show at least a portion of document journals
associated with the documents of FIG. 11A in accordance with an example of the present system

and method;_

[0044]  FIG. 12A shows the example documents of FIG. 11A having further handwritten

input rendered as digital ink thereon;

[0045]  FIGS. 12B and 12C respectively show at least a portioh of document journals
associated with the documents of FIG. 12A in accordance with an example of the present system |

and method;
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[0046]  FIG. 13A shows the example.documents of FIG. 12A having further handwritten

input rendered as digital ink thereon;

[0047] FIGS. 13B and 13C respectively show at least a portion of document journalsl

associated with the documents of FIG. 13A in accordance with an example of the present system

and method;

[0048] FIG. 14A shows the example documents of FIG. 13A having further handwritten

_input rendered as digital ink thereon;

[0049] FIGS. 14B and 14C respectively show at least a portion of document joumals.

associated with the documents of FIG. 14A in accordance with an example of the present system

, and method;

[0050] FIG. 15A shows the example documents of FIG. 14A having further handwritten

input rendered as digital ink thereon;

[0051] FIGS. 15B and 15C respectively show at least a portion of document jourr'lals.

associated with the documents of FIG. I5A in accotrdance with an example of the present system

and method;

- [0052} FIG. 16A shows the example documents of VAFIG. 15A having fuﬁher handwritten

input rendered as digital ink thereon;

' [0053] FIGS. 16B and 16C respectively show at least a portion of document journals

associated with the documents of FIG. 16A in accordance with an example of the present system

and method;

[0054] FIG. 17A shows the example documents of FIG. 16A having further handwritten

input rendered as digital ink thereon;

- [0055] FIGS. 17B and 17C respectively show at least a portion of document journals

associated with the documents of FIG. 17A in accordance with an example of the present system

and method;
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[0056] FIG. 18A shows the example documents of FIG. 17A having further handwritten
input rendered as digital ink thereon and a further example document displayed on the display

~and input area of another of the computing devices having the digital ink rendered thereon;

[0057] FIGS.18B, 18C and 18D sequentially show portions of a document journal associated
with the further exémple' document of FIG. 18A in accordance with an example of the present

system and method;

[0058] FIG. 19A shows the examplé documents of FIG. 18A having the digital ink rendered

as typeset ink; and

[0059] FIGS. 19B showb a portion of a document joumal_s. associated with the further example

“document of FIG. 19A in accordance with an example of the present systelﬁ and method. -

DETAILED DESCRIPTION

_[0060] In the following detailed descripfion, numerous specific details are set forth by way of
examples in order to provide a thorough understanding of the relevant teachings. HoWever, it
should be apparent to thdse skilled in the art that the present. teachings may be prAacticed without
such details. In 6ther instances, weli known methods, procedures, components, and/or circuitry
have been described at a relatively high-level, without déta’il, in order tb avoid unnecessarily

obscuring aspects of the present teachings.

[0061] Reference to and discussion of directional features such as up, down, above, below,
lowest, highest, horizontal, vertical, etc., are made with respect to the Cartesian coordinate :'
system as applied to the input interface on which the iﬂput to be .recognized is fnade. Further, the
use of the term ‘text’ in the preseht descr.iption is undersfood as encompassing all alphanuméric
characters, and strings thereof, in any written language and éommon place non-alphanumeric
characters, e.g., symbols, used in wrftten texf. Furthermore, the term ‘non-text’ in the present

~ description is understood as encompassing freeform handwritten content and rendered text and '
image data, as well as non-alphanumeric characters, and strings thereof, and alphanumeric

characters, and strings thereof, which are used in non-text contexts.

10
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[0062] The various technologies described herein genel'ally relate to capture, processing and
management of handwritten content on portable and non-portable computing devices in a manner
Which allows conversion of that content into publishable documents. The systems a_nd methods
’describedvh»erein may utilize recognition of users’ natural writing or drawing styles input to a
computing device via an inpﬁt interface, such as a touch sensitive screen, connected to, or of, the
computing device or via an input ‘device, sﬁch as a digital pén or‘mouse, connected to the

| computing device. Whilst the various examples are described with respect to recognition of
‘handwriting input using so-called online recognition techniques, it is understood that application
is possible to other forms of input for recognition, such as offline recognition in which images

rather than digital ink are recognized.

[0063] The terms hand-drawing and handwriting are used interchangeably herein to define

* the creation of digital content by users through use of their hands either diréctly onto a digital or
dxgltally connected medium or via an input tool, such as a hand-held stylus. The term “hand” is
used herein to provide concise descrlptlon of the input techniques, however the use of other parts

of a users’ body for similar input is included in this definition, such as foot, mouth and eye.

“10064] FIG. 1 shows a block diagram of a collaboration environment 10 according to an
example Qf the present system and method. The collaboration environment 10 includes a number
of computing or input devices 100 which are communicatively interconnected with one another
via a network 12. The network 12 may be for example a wired network, such as cable or fiber
Ethernet (e.g., a local area network (LAN), a personal aréa network (PAN), a metropolitan area
network (MAN)), in whbich the computing devices 100 are wire-connected to one another, or a
wireless network, such as a radio communications network (e.g., an amplitude modification
(AM) channel, a frequency modification (FM) channel), a mobile telecommunications network
(e.g., 3G, 4G), short-range network (e.g., infrared, BLUETOOTH®), Wi-Fi (e.g., a wireless
LAN, PAN or MAN, a wireless wide area network (WAN)), in which the computing devices 100
are wirelessly-connected to one another, or a combination of both. Further, the network 12 may
be unsecured or secured, for example, with encryption. In the described examples, the network
12 is a peer-to-peer network with the devices 100 connected directly to one another. Peer-_to-peer
technologies allow multiple users to work on the same information without relying on one user

acting as a master of the information.

11
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[0065] Each computing device may be a computer desktop, laptop computer, tablet
corhputér, hybrid computers (2-in-1s), e-book reader, mobile phone, smartphone, wearable
computer, digital watch, interactive whiteboard, global positioning system (GPS) unit, enterprisé
digital assiétant (EDA), personal digital assistant (PDA), game console, or the like. FIG. 2 shows
a block diagram of an example configuration of one or more of the computing devices 100. The
computing device 100 includes components of at least one processing element, some form of
memory and input and/or output (I/O) devices. The componenfs communicate with each other
and with the network 12 through i_nputs and outpufs, such as connectors, lines, buses, cables,
buffers, electromagnetic links, networks, modems, transducérs, IR ports, antennas, or others

known to those of ordinary skill in the art.

[0066] | The illustrated example of each computing device 100 has at least one display 102 for
outputting data from the computing device such as images, text, and video. The display 102 méy
use LCD, plasma, LED, iOLED, CRT, or any other appropriate technology that is or is not touch
sensitive as known to those of ordinary skill in the art. At least some of the display 102 is co-
located with at least one input interface 104. The input interface 104 may employ technology
such as resistive, surface acoustic wave, capacitive, infrared grid, infrared acrylic projection,
optical imaging, dispersive signal technology, acoustic pulse recognition, or any other
appropriate technology as known to those of ordinary skill in the art to receive user input. The
input interface 104 may be bounded by a permanent or video-generated border that clearly
identifies its boundaries. Instead of, or additional to, an on-board display, the computing device

100 may have a projected display capability..

[0067] Each computing device 100 may include one or more additional /0 devices (or
peripherals) that are communicatively coupled via a local interface. The additional I/O devices
may include input devices such as a keyboard, mouse, scanner, microphone, touchpads, bar code
.readers, laser readers,. radio-frequency device readers, or any other appropriate technology
known to those of ordinary skill in the art. Further, the I/O devices may include outpuf devices
such as a printer, bar code Aprintér.s, or any other appropriate technology known to those of
ordinafy skill in the art. Furthermore, the I/O devices may include communications devices that
corﬁmunicate both inputs and outputs internal to the computing device 100 and the network 12,

such as a modulator/demodulator (modem; for accessing another device, system, or network), a

12
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radio frequency (RF) or other transceiver, a telephonic interface, a bridge, a router, or any other
appropriate technology known to those of ordiﬁary skill in the art. The local interface may have
additional elements to enable co‘mm_u_nicaﬁons, such as controllers, buffers (caches), drivers,
repéaters, and receivers, which are omitted for simplicity but known to those of skill in the art.
Further, the local interface may include address, control, and/or data connections to enable

appropriate communications among the other computer components.

[0068] Each computing device 100 also includes a processor 106, which is a hardware device
for executing software, particularly software stored in memory 108. The processor can be any
custom made or commercially available general purpose processor, a central processing unit
(CPU), commercially available MIiCrOprocessors including a semiconductor based

microprocessor (in-the form of a microchip or chipset), microcontroller, digital signal processor
(DSP), application specific integrated circ.uit (ASIC), field programmable gate array (FPGA) or
other programmable logic device, discrete gate or transistor logic, discrete hardware components,
state machine,'or any combination thereof designed for executing software instructions known to

those of ordinary skill in the art.

[0069] The membry 108 can include any one or a éombination of Vol.zitile memory elements
(e.g., random access memory (RAM, such as DRAM, SRAM, or SDRAM)) and nonvolatile
memory elements (e.g., ROM, EPROM, flash PROM, EEPROM, hard drive, magnetic or opﬁcal
tape, memory registers, CD-ROM, WORM, DVD, redundant array of inexpensive disks (RAID),
another direct access storage device (DASD), or any other magnéﬁc, resistive or phase-change
nonvolatile memory). Moreover, the memory 108 may incorpofate electronic, magnetic, optical,
and/or other types of storage media. The memory 108 can have a distributéd architecture where
various _componerits are sit_ﬁ_atcd remote from one another but can also be accessed by the
processor 106. Further, the mémory 108 may be remote from the deVice, such as at a server or
;loud—based system, which is remotely accessible by the cofnputing device 100. The memory
108 is coupled to the processor 106, so the processor 106 can read information from and write
information to the memory 108. In the alternative, the memory 108 1ﬁay be integral to the
processor 106; In another exaﬁple, the processor 106 and the memory 108 may both reside- ina

single ASIC or other integrated circuit.

13



WO 2018/033247 PCT/EP2017/000989

[0070]  The software in the memory 108 includes an operating system 110 and a document
management system 112 in the form of a non-transitory computer readable medium having a
computer readable program code embodied therein. The oi)erating system 110 controls the
execution of the document management system 112. The operating system 110 may be any
proprietary operating system or a commercially or freely available operating system, such as
WEBOS, WINDOWS®, MAC and IPHONE OS®, LINUX; and ANDROID. It is bunderstood
_ that other operating systems may also be utilized. Alternaﬁ_vely, the document management
system 112 of the present éystem and method may be provided without use of an operating

system.

[0071]  The document management system 112 includes one or more processing elements
related to detection, management and treatment of user input (discussed in detail later). The

- software may also include one or more other applications related to input recogniition, different
functions, or both. Some éxamples of other applicét'ions. include a text editor, telephone dialer,
contacts directory, instant messaging facility, computer-aided design (CAD) program, email
program, word pfocessing program, web browser, and camera. The document management
system 112, and the other applications, include program(s) provided with the computing device
_ 100 upon manufacture and may further include programs uploaded or downloaded into the

computing device 100 after manufacture.

[0072] FIG. 3 shows a block diagram of an example visual rendering of a display and user
input area 300 on at least a portion of the input interface 104 of three peer-to-peer conn-ected

* computing devices 100. The input area 300 is provided as a ‘canvas’ that allows users to créate
object blocks (blocks of text, drawings, etc.). This canvas may be constraint-frée, such that users
can create their content anywhere without worrying about sizing or alignmenf, a constrained

- canvas in which users are guided to adhere to an alignment structure, such as a line pattern
background or the like, or a combination of both: particularly with respect to examples of text and
non-text content input. An example alignment pattefn is described in United States Patent
Application No. 14/886,195 titled “System and Method of Digital Note Taking” filed claiming a
-priority date of 25 August 2015 in the name of the present Applicant and Assignee, the entire

content of which is incorporated by reference herein. |
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[0073] Within these display and input areas 300, the document management system 112 of
each device 100 may cause display of text and/or non-text content documents, rendered from
document information stored in the memory 108, for example, in a manner well understood by
one of ordinary skill in the art. The document information may be loaded into, or created and/or
edited using the device 100 and stored in, the memory 108 of the device 100. This loading may
be effected in known manner using the /O devices described earlier, including the
communication of the document information from one of the devices 100 to one or more of the
other devices 100 via the network 12. To illustrate this, FIG. 3 shows each of the display and
‘input areas 300 as respectively being interconnected via (peer-to-peer) links 302, 304 and 306 of

. the network 12.

[0074] The management of this document information by the document management system

112 of the present system and method is now described with respect to FIGS. 4 to 19.

[0075] FIG. 4A shows the display and input area 300 associated with one of the computing
or digital devices 100 having handwritten input which has been rendered as digital ink 400 by the
document management system 112, or the processor 106 of the device 100, according to the user

input in the position at which the input is made, for example.

[0076] The input of handwritten content onto the input area 300 is performed through the use
of gestures in relation to the input interface 104, e.g., through touch, force and/or proximity '
'depehding on the screen technology of the device 100, or with a peripheral device of the

- computing device 100, such as a mouse or joystick, or with a projected interfacé, e.g., image
processing of a pass,ive. plane surface to determine the stroke and gesture. signals. Gesture
detection may be handled differently depending on the ability of the computing device 100 to
differentiate a user’s finger from a stylus or pen (by which the device defines passive and active
styli) or the ability‘of a stylus to indicate or communicate to the device that it is being used for
handwriting or the ability of users to prévide such an indication. By default, and :in devices
which do not differentiate, any single-point touch or hover event within the input area 3.00 is to
be considered as content input or content interaction. The handwritten input is interpreted by a

handwriting recognition (HWR) system 114 (see FIG. 2).
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[0077] - The HWR system 114 may be included in the software of the memory 108. As with
the document management system 112, the HWR system 114 is in form ofa non-transitory
computer readable medium having a comprlter readable program code embodied therein. The
operating system 110 controls the execution of the HWR system 114. Alrematively, the HWR
system 114 of the present system and method may be provided without use of an operating

system.

[0078] The present system and method make use of the HWR system 114 in order to
recognize handwritten input to the device 100, including handwritten text and hand-drawn
shapes, e.g., non-text. The HWR system 114, with support and compliance capabilities, may be a
source program, executable program (object code), script, application, or any other entity having
a set of instructions to be performed. When a source program, the program needs to be translated
viaa compiler, assembler, interpreter, or the like, which may or may not be included within the
memory, so as to operate properly irl connect_ion with the operating system. Furthermore, the
HWR system with support and compliance capabilities can be written as (a) an object oriented
programming language, which has classes of data and methods;i (b) a procedure programming
language, which has routines, subroutines, and/or functions, for example but not limited to C,
"C++, Pascal, Basic, Fortran, Cobol, Perl, Java, Objective C, Swift, and Ada; or (c) functional
programing languages for example but no limited to Hope, Rex, Common Lisp, Scheme,

Clojure, Rackef, Erlang, OCaml, Haékell, Prolog, and F#.

[0079] Alternatively, the HWR system 114 may be a method or éystem for communication
with a handwriting or mixed input recognition systerrl remote from the device, such as server or
cloud-based system, but is remotely accessible by the computing device 100 via the network 12
through communications links using the afore-méntioned communications I/O devices of the
computing device 100. Further, the document management system 112 and the HWR system 114
.may operate together or be combined as a single application. Further still, the document
management system 112 and/or the HWR system 114 may be integrated within the operating

system 110.

_[0080] Handwritten strokes entered on or via the input interface 104 are processed by the

processor 106 as digital ink. A stroke is characterized by at least the stroke initiation location, the
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stroke termination»location, and the path connecting the stroke initiation and termination
locations. Further information such as timing, pressure, angle at a number of sample points along
the path may also be captured to provide deeper detail of the strokes. Because different users
may naturally write the same-object, e.g., a letter, a shape, a symbol, with slight variations, the
HWR system accommodates a variety of ways in which each object may be entered whilst being

recognized as the correct or intended object.

[0081] FIG.5isa schemaﬁc pictorial of an éxample of the HWR system 114, in either its
| local (i.e., loaded on the device 100) or remote (i.e., remotely accessible by the device 100)
forms. The HWR system 114 includes stages such as préproce'ssing 116, recognition 118 and
output 120. The preprocessing stage 116 prbcesses the digital ink to achieve greater accuracy and
reducing processing time during the recognition stage 118. This preprocessing may include
normalizing of the path_connectingAthe stroke initiation and termination locations by applying
_size normalization and/or methods such as B-spline approxirhation to smooth the input. The ',
preprocessed strokes are then passed to the recognition stage 118 which processes the strokes to
recognize the objects formed thereby. The recognized ink objects are then output 120 to the

document management system 112 for further processing and/or display.

[0082] The recognition stage 118 may include different processing elements or experts. FIG.
6 is a schematic pictorial of the example of FIG. 5 showing schematic detail of the recognition
stage 118. Three experts, a segmentation expert 122, a recognition expert 124, and a 1anvgu'age
expert 126, are illustrated which collaborate through dynamic programming fo generate the

output 120.-

[0083] The segmentation expert 122 de_ﬁnés the different ways to segment the input strokes
into individual element hypotheses, e.g., alphanumeric characters and mathematical operators,
text characters, individual shapes, or sub expression, in order to form éxpressions, e.g., wordé,
mathematical equations, or groups of shapes. For example, the segmentation expert 122 rhay
form the element hypotheses by grouping consecutive strokes of the original input to obtain a
segmentation graph where each node corresponds to at least one element hypothesis and where
adjacency constraints between elements are handled by the node connections. Alternatively, the

segmentation expert 122 may employ separate experts for different input types, such as text,
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drawings, equations, and music notation. Nodes of the graph are considered adjacent if the

corresponding hypotheses have no common stroke but whose strokes are consecutive in the

original input.

[0084] The recognition expert 124 provides classification of the features extracted by a
classifier 128 and outputs a list of element candidates with probabilities or recognition scores for -
each node of the segmentation graph. Many types of classifiers exist that could be used to

address this recognition task, e.g., Support Vector Machines, Hidden Markov Models, or Neural
Networks such as Multilayer Perceptrons, Deep, Convolutional or Recurrent Neural Networks.

The choice depends on the complexity, accuracy, and speed desired for the task.

[0085] The language expert 126 generates linguistic meaning for the different paths in the
segmentation graph using langﬁage models ‘(e.g., grammar or semantics). The expert 126 checks
the candidates suggested by the other experts according to linguistic information 130. The

) linguistic information 130 can include a lexicon, regular expre'ssvions, etc. and is the storage for
all static data used by the language expert 126 to execute a language model. A .languége model
can rely on statistical information on a given language. The linguistic information 130 is
computed off-line, with or without adaption according to the results of recdgniﬁoﬂ and user

interactions, and provided to the linguistic expert 126.

[0086] The language expert 126 aims at finding the best recognition path. In one ekample,
the language expert 126 does this by exploring a language model such as final state automaton
(FSA) representing the content of linguistic information 1'30' In addiﬁon to the lexicon
constraint, the language expert 126 may use a language model with statistical information |
modeling for how frequent a given sequence of elemerits appears in the specified language or is
used by a specific user to evaluate the linguistic likelihood of the interpretation of a given path of -

the segmentation graph.

- [0087] As described, the HWR system 114 interprets both text and non-text handwritten
input. For example, the input 400 of FIG. 4A is handwriting input of a single stroke representing
non-text input that is a shape, i.é., an oval (or circle). Accordingly, the HWR system 114
recognizes the input 400 as an oval, for example. Conventional handwriting recognition

processes use such recognition in order to provide typesetted on fontified conversion of
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handwriting input. As this is the main purpose of such conventional processes, such conversion
is typically all that is provided by the processing. The document management system 112 of the
present system and method however may further employ the recognition performed by the HWR
systerh 114 in order to provide a document collaboration model. Alternatively, or additionally,
the document managément system 112 itself may be configured with at least elements of the
HWR system 114 in order to recognize at least certain content input in order to provide this

collaboratibn model.

[0088]  The collaborétion quel provided by the present system and method allows the
creation and editing of digital documents by multiple users on multiple peer-to-peer connected
input devices (with one or more users per device) using handwriting (and other forms of input,
such as typbing using a physical or virtual keyboard, gestures using a mou.se, speaking using voice

recognition, etc.) as they could be created for example on an interactive whiteboard.

[0089] In order providé this collaborative function, pieces of a document are shared between
the users or collaborators in a manner which maintains control over the integrity of the
document, particularly over the recognition of the raw ink and rendering of the digital ink. As
described in the background, conventionally proposed systems typically maintain this control

. using mastér—slave or client server arréngements. On the other hand, the present system and
method provides a truly collaborative experience through provirsio‘n‘of the peer-to-peer network
arrangement. It will be understood from the following description however that the present

system and method may also be applicable to centralized or client server based applications.

[0090] The document pieces or segments are .shared in the present system and method
through a so-called “blockchain” implementation adapted for handwritten content and
handwritten control data. This adaptation decomposes user handwritten interactions in a mannér
which provides maximum user expérience in collaboration. The blockchain is formed as a chain
of blocks or ‘messages’. These messages are accurate with respect to the captured handwriting to
provide the required data integrity whilst being as simple as possible so that the information can
be shared quickly. The collaboration model is built during document creation and editing to

. allow maximum flexibility and robustness.
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[0091] The messages are defined in relation to the recognition results and applied by the

~ document management system 112 as documents are worked on (e.g., in real-time) by one or
more users on one or more devices so that each action of the one or more users W‘hich provides
the document with ‘raw’ ink, e.g., handwritten input, is expressed in a sharable manner and is
linkable with all modifications made to the docurﬁent by that user in the previous state(s) of the
document. The messages and links are used to build, and are retained in, one or more ‘journals’
associated with the document. These journals represéni blockchains with the messages linked in

time-order of the input associated with the messages.

[0092]  In particular, each user or yersion of the document, i.e., as locally stored and

displayed on each device, has an associated document journal, which can be used to build further
versions of the document, e.g., on an_other device, as the information stored in the or each journal
can be shared with every other user/device or actor of the collaboration. In this way, each actor is
capable of detecting that a modification was made on a different state of the document so that the
latest version of the document can always be displayed, subsequent modifications can be applied

to the correct document version, and any modification provided through any input means can be

undone and redone.

[0093] Example content of the messages‘ and the manner of the actors’ behavior when it is
detected that their modifications are at a position in the journal different to the last position

shared by and with the other actor(s) are now described in detail.

[0094] Al actors manipulating a document build their own version of a document journal
using the document management system 112 of the device 100 being used to act. This jeumal is
built of a series of interlinked messages or blocks. The messages are created by the document
management system 112 for each (pre-defined) modification that is made to the document, such
that the document itself may be deﬁned as a series of modifications, with each (pre-defined)
modification stored as a journal entry. Pre-definition of certain modlﬁcatlons for inclusion in the
joumal may be provided to the document management system 112 (e.g., through pre-
programming or user setting, such as through a user interface (UI)). Each message is defined
with identification (ID) information and information on the modification(s) to the document

being made. In this way, a journal or tree of modifications by different actors can be built with
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relatively very little information needed for faithful construction or re-construction of the current

version of a document on several devices.

[0095] The ID information at least ideﬂtiﬁes that fnessage (méssage ID) and any link to an
earlier message(s) of the chain (parent ID). The message ID, and therefore the parent ID also,
may define the identification of a user of the device or author of the message. For example, such
[Ds may be determined by the document management system 112 from suitable user

. identification information provided by the operating system 110 or applications of the device:
100. Defining the IDs in this way allows tracking of document modifications by different

members of a collaborative team, for example.

[0096] The modification information is at least on the type of the modification (type) and the
content of the modification (data). The modification information may also include identification
information that identifies the modiﬁcatibns’ author(s), which may be different than the user or
author IDs of the messages themselves. For example, a user may make a document modification
on a device that is not registered or otherWise defined for that user. In such a case, the document
management system 112 may determine the modification author’s 1D from applications of the

device 100 or a suitably configured (active) stylus being used by the usér, for example.

[0097]  Modification types are related to the type of action being perfofmed on the document
and its ink content, including the addition of new content and the editing of existing content. For
example, the type of modification, or type of message, includes modifications to one or more

strokes of handwritten content, such as addition of handwritten stroke(s) (stroke), vt}.fpesetting of
handwritten stroke(s) (typeset), erasure of one or more strokes (erase), movement vof one or more

- strokes (move), resizing of one or more strokes (resize), styling of one or more strokes (styling).

[0098]' The modiﬁcafion type m?y also include input of commands by gesture, menu
selection and the like, such as selection of one or more strokes (select), undoing of the previous
input (undo), redoing of the previous input (redo), showing of extra content (show), e.g.,
hyperlinks, menus, recognition candidates or results. The reverse operation of some of these
modifications may also included in the modification type, such as un-typesetting of previously

- typeset stroke(s) (untypeset), de—selecting stroke(s) (deselect)', hiding shown extra content (hide).
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These modification types are examples and are non-exhaustive, such that it is understood that

less, other or more types can be provided in the document journal messages.

[0099] The modification data is related to the content of the modification type and is’
provided with a data format that depends on the related type. Examples of several modification
. data formats are now described with respect to example document journals built by the document

management system 112.

[00100] For the ‘stroke’ modification type, the modification data is the handwritten content
input by the user to the input interface 104 (or uploaded/downloaded to the document:
management éystem 112). In the present eiample, this content is the raw ink, including the
coordinates of the raw ink (e.g., the relative positions of the handwritten stoke(s) on the input

- interface 104), and the recognition result of the raw ink (from the HWR system 114, or the
document management system 112 if so configured, e.g., the recognition candidates).
Accordingly, each actor réceiving journal messages from other actors receives the strokes of the
raw ink and the recognition results therefor in the modification data. As such, the document
management system 112 of the receiving actor(s) is able to render the corresponding digital ink
in their version of the shared document and interaction with the rendered digital ink is .

substantially immediately possible without requiring re-recognition.

[00101] That is, when the recognition results are shared as part of the messages, each device
100 may merely render the digital ink according to the latest version of the document (described
in detail later) and refer to the shared modification data for any subsequent interactions with the
document content or objects without requiring full re-recognition of the content, including

superseded content of previous versions of the document.

[00102] Alternatively, the ‘stroke’ modiﬁcation.data portion may include ink object(s) created
from the coordinates of the raw ink, the recognition result of the raw ink, and the digital ink
definition rendered from the raw ink. The ink objects may be defined as described in United -
States Patent Application No. 15/083,195 titled “System and Method for Digital Ink
Interactivity” filed claiming a priority date of 7 J énuary 2016 in the name of the present
Applicant and Assignee, the entire content of which is incorporated by reference herein. In such

an alternative example the actual strokes of the raw ink are not shared between the collaborating
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devices and the digital ink is rendered from the shared digital ink definition. Accordingly, each
device is able to discard the raw ink once recognition has been performed. This decreases the

local ink storage size and amount of data being communicated.

[00103] | Alternatively further, the document management system 112 of each device may be
conﬁguréd to communicate réceived raw ink one-time to a .central' location, e.g., a networked ink
memory or cache, with identifiers such as the meséage ID related to that raw ink, and then
discard any local storage of the raw ink. In such an alternative example the ‘stroke’ modification .
data portion does not include the raw ink or digital ink deﬁnition, such that upon receiving
messages each actor accesses the raw ink from the ink memory or database and‘generates the

digital ink locally.

[00104] Alternaﬁvely, or additionally, still, the ‘stroke’ modification data portion may include
only the relative stroke coordinates, e.g., the x and y positions of the stroke path, which represent
the raw ink. In such an alternative example the document management system 112 and/or HWR
system 114 of each device 100 is réquired to recognition process the data portion of each

message of a document journal when the messages are shared.

- [00105]  The described modification data are examples and are non—éxhaustive, such that it is
understood that other or more data types (formats) can be provided in the document jéumal
messages. In any case, the ‘stroke’ data of the modification data may act as data to identify the
strokes, e.g., one or more stroke IDs. That is each stroke may be assigned a stroke ID, such that a
set of strokes can be represented as a set of the corresponding stroke IDs, where this set may be
assigned a (group) stroke ID, in turn for example. In this way, subsequent reference to the stroke
data via the stroke ID(s) can be performed to provide interaction and editing of the strokes and

groups of strokes, which together represent ink.content, such as text and non-text content.

[00106]  For the illustrated example of FIG. 4A, lipon detecting the input 400 the document
management system 112 initiates building a document D with an associated document journal
Ja, as shown in FIG. 4B. As shown, the journal Ja has a message 402, which is the first or initial’
(root) message of the journal (as the single stroke of the input 400 is the first input provided for
the document D4). As described above, the message 402 is generated by the ink management

system 112 to contain a message ID portion Al, a pareht ID portion “null” (since the message
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402 1s the primary message of the journal Ja), a type portion “stroke” (since the input 400 adds
handwritten strokes to the document Da Without modification of any existing content), and a data
portion “400” béing the raw and recognized content represented by the digital ink 400, e.g., the
stroke ID.

[00107] The form of the message ID may be in any suitable format, such as (alpha)numeric,
binary, hexadecimal, where such forms may or may not be encrypted, such as using a hash
function (such as SHA-256, for example). The message IDs may be assigned incrementally to
avoid collisions from different actors or each actor may generate an ID and then make it unique
such as by hashing the generated ID using a hash function (e.g., SHA-256), so that the same
message [Ds are used across all document version journals, which is the case in the illustrated
examples. Alternatively, the message IDs may be .generated to be local to the journal versions. In
such a case however the document management system includes a mapping algorithm or the like

to match the different message IDs to the same message content for the shared journal.

[00108] The message and parent IDs are also fbrmed to include time information, e.g., a time-
stamp, which records the time (and date) when the modification of the message was performed.
This time information may be determined by the document management system 112 with |
reference to the system clock of the hosting device, for example, or by other means understood
by one of brdinary skill in the art. The time information may be included, for example, through
inclusion in the code of the ID itself, In this determination however, the relative timing of
modifications to a shared document rnade on different devices, whether connected or not at the
tilne of the modification(s) needs to be known or ascertainable by the document management

system 112 of each device, for reasons discussed later.

[00109] FIGS. 7 to 9 show subsequent handwritten input to the document D and the
consequential building and updating of the journal Ja. In these example operations, and those of
FIGS. 10-19 thereafter the manner of input detection, digital ink rendering and recognition is as

described earlier.

[00110]  FIG. 7A shows the document Da upon subsequent input which has been rendered as
digital ink 700. The input 700 is handwriting input of multiple strokes representing text input

which is recognized as the capitalized word “Ideation”. Based on this modification of the
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document Da, the document management system 112 updates the document journal Ja as shown
in FIG. 7B to include a corresponding message 404, which is the second (subsequent) message
of the Journal The message 404 is generated to contain a message 1D portron A2, a parent ID
portion A1 (since the message 402 is the second message of the journal Ja), a type portion
“stroke”, and a data portion “700” being the raw and recognized content represented by the

digital ink 700.

[00111] FIG. 8A shows the document D upon subseque'nt input which has been rendered as

| digital ink 800. The input 800 is handwriting input of multiple (e.g., two) strokes representing
non-text input which is recognized as a shape, being an arrow. Based on this modiﬁcatien of the
document Dy, the document rnanagement system 112 updates the document j ournal J A as shown
in FIG. 8B to include a corresponding message 406, Wthh is the third (subsequent) message of |
the journal. The message 406 is generated to contain a message ID portion A3, a parent ID
portion A2, a type portlon ‘stroke”, and a data portion “800” being the raw and recognized

content represented by the digital ink 800.

[00112]  FIG. 9A shows the document D4 upon subsequent input wnieh has been rendered as
digital ink 900. The input 900 is handwrrtrng input of multiple strokes representing text input
which is recognrzed as the capitalized term “S-Gate”. Based on this modifi cation of the
document D4, the document management system 112 updates the document Jqurnal Ja as shown
in FIG. 9B to include a corresponding message 408, which is the fourth (subsequent) message of
the journal. The message 408 is generated to contain a message ID portion A4, a parent ID
portion A3, a type portion “stroke”, and a data portlon “900” being the raw and recognized

content represented by the drgrtal ink 900

[00113]  The inputs 400, 700, 800, 900 represent elements of a diagram. Diagrams are
~drawings that explain or show arrangement and relations (as of parts). Diagrams generally
include shapes having arbitrary or specific meanings and text with relationships to these shapes.
There are many type of diagrams, such as flowcharts, organizational charts, concept maps, spider
‘maps, block/architecture diagrams, mind-maps, block diagrams, Venn diagrams and pyramids.

This list is not exhaustive and other types, or non-types, of diagrams are possible.

25



WO 2018/033247 PCT/EP2017/000989

[00114] With réspect to diagrams, non-text elements define shape, graphic or geometric
formations in linear or non-linear configurations, and include containers, connectors and free-
form drawings, whereas text elements are those that contain text characters and include text
blocks and labels for the text blocks and non-text elements. Both text blocks and labels may
contain text of one or more characters, words, sentences or paragraphs provided in one or more
vertical lines and/or as numbered/bulleted lists. Text blocks may be contained by containers
(internal text blocks) or may be provided outside of containers (external text bldcks). External
text blocks may be unrelated to containers or other elements ofa diagram or- may be directly

related to certain other diagram elements.

[00115] In order to detect and interpret the creation of diagrams, the document management
system 112 and/or the HWR system 114 may be configured as described in United States Patent.
Application No. 14/955,155 titled “System and Method of Handwritirig Recognition in
Diagrams” filed claiming a priority date of 19 October 2015 in the name of the present_.Applic.ant
and Assignee, the entire content of which is incorporated by reference herein. By this
'conﬁguration, the present system and method may individually recognize different text and non-
text elements of hand-drawn diagrams together with any spatial and context relationships
therebetween without regard to the diagram type in order to interpret the various-diagram

elements input and their relationships with one another.

[00116] In the illustrated example therefore, the recognized oval of the input 400 is detected
as a container, the recognized word of the input 700 is detected as content of the contaihcr 400,
the recognized érrow of the input 800 is detected as a connector associated with the container
400, and thé reéognized term of the input 900 is detected as a label of the connector 800.
Through this interpretation of text and non-text input the document management system 112 is
able to build and update the document journals in a manner which respects diagrammatic

- relationships (described in detail below). Similar results can be achieved with other document

content forms, such as mathematics, chemistry, music notation, etc.

[00117]  As can be seen from the example document journal that has so far been described,
each input modifying the content of the document is represented in the journal time-ordered

chain or list of input steps. As such, the journal can be used in order to build or re-build the

26



WO 2018/033247 PCT/EP2017/000989

document on other devices so that not only is the latest version of the document displayed but all
earlier versions of the document can be known and accessed via the journal. That is, as described
earlier, the journal can be sh'ared via the network 12 with the other devices 100: Upon receiving
the journal, the document management system 112 local to such other devices 100 renders the
digital ink represented by the messages of the journal so that the document is reproduced on

those devices 100.

[00118]  For example, FIG. 10A shows the document D at the (_ﬁrst) device 100 of FIGS. 4,
7, 8 and 9, which has been communicated to a (second) device 100 via the link 302 of the
network 12. For example, the user of the second device 100 may have launched a docup)qent
editing application on the device 100 and opened the document from a file directory or the like to
which the device is connected via the network 12. The file directory may be stored in the |
memory 108 of one or more of the other connected devices 100 or in a centralizéd location, such
~asa 'servér, connected to the network 12. In response, the document management system 112 of
this second device reads the journal Ja of the shared document Da to construct its own document
journal Jg to build a document Dg, as shown in FIG. 10C. That is, the journal Jg is generated to
include a chain of messages 1002, 1004, 1006 and 1008 with associated message and parent IDs
and type and content information corresponding to thé‘respective messages 402, 404, 406 and
408 of the shared journal Ja. It is noted the FIG. 10A also depicts a third document shown in the

dashed outline, which will be described later.

[00119] In order to determine the current status of a shared document, €.g., it is open and
being worked on by multiple actors, it has been modified since last opened by the user, etc., the
document management system 112 associated with each device 100 may also determine
identification infdrmatié)n of the document, such as reading a document ID from the file
directory, and use this information when communicating the local document journal to the
connected device and/or file directory. However, other mechénismé fdr maintaining a current.

status of a shared document are possible.

[00120] The documents Da and Dg, and their respective journals Ja and Jg, represent local
device/actor versions of a shared document. The present system and method ensures that at the

shortest time possible after modifications are made to any local version of the document, those
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modifications are reflected in the other local document versions in a manner which retains the
integrity of the ink data of the shared document. In this way, all actors are assured that the latest
version of the shared document is available fdr editing, and that previous versions can be

accessed for version control.

[00121]  Accordingly, from the journal Jg, the docume.ntADB is displayed on the display and
input area 300 associated with the second device 100 to include the rendered digital ink 400, 700,
800 and 900 (as shown in FIG. l.OA) included in the message content journal Jg based on the
type po’rtions'of “stroke” and the stroke ID(s) of the associated data portions, as provided by the
méssage content of the shared journal Ja. That is, the document management system 112
associated with the second device 100 reads each message of the constructed journal Jg in turn to
build the docﬁfnent Dg. In the present example,-each message of the journal Jg at this point has a
modification type portion of “stroke”, such that the document management system 112 reads
respective modification data portions of each message to cause incremental or simultaneous

display of digital ink corresponding to the stroke data.

[00122]  This ‘batch’ loading of document ink data from a shared journal described above
repre.s.ents off-line collaboration in which document modifications that are carried out on one
actor’s version of the document are later utilized by another actor to build their version of the
document. The présent system and method. also provides on-line or real-time collaboration in
which modifications to one actor’s version of a document are subétantially immediately shared

with the networked actor(s) to update that actor’s document version.

[00123]  For example, returning ‘to FIG. 10A, the document Da has subsequent input which
has been rendered as digi_tal ink 1000. The input 1000 is handwriting input of a single stroke
representing non-text input Which 1s recognized as a shape, being a diamond, and may also be
detected as a container associated with the connector 800. Based on this modification of the
document Da, the document management system 112 updates the document journal Ja as shown
in FIG. 10B to inc}ude a corresponding message 410, which is the fifth (subsequent) message of
the journal. The niessage 410 is generated to contain a message ID portion A5, a parent ID
portion A4, a type portion “stroke”, and a data portion “1000” being the raw and recognized

content represented by the digital ink 1000.
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[00124] | As the document Dg is open for editing or display By the other actor and the devices
100 are connected by the link 302 of the network 12, this update of the journal Ja is
communicated to the other actor. As a result, the document management system 112 of the other -
._devi.ce_updates the document journal Jg to include the data of the shared message 410 as.a
cerresponding new subsequent message 1010 with the associated message and parent IDs and
type and content information (as shown in FIG. 10C). rFrom the journal Jg, the version of the-
document Dg is updated and displayed on the display and input area 300 associated with the
second device to include the rendered digital ink 1000 (as shown in FIG. 10A) included in the
message content journal Jg based on the type portion of “stroke” and the stroke ID(s) of the
associated data portion, as prov1ded by the message content of the shared journal Ja.

Accordingly, the collaborated document-is faithfully reproduced on all collaborator devices.

[00125] A similar result is gained as well for further text input, as shown i in the example of

" FIG. 11. That i is, in FIG. 11A the document Da has subsequent input which has been rendered as

digital ink 1100. The input 1100 is handwriting input of multiple strokes representing text input
which is recognized as a symbol or punctuation mark, being a question'mark, and may also be
detected as eontent. of the container 1000. Based on this modification of the document Da, the
document management system‘l 12 updates the document journal J4 as shown in FIG. 11B to
include a corresponding message 412, which is the sixth (subsequent) message of the journal.
The message 412 is generated to coﬁtain a message ID portion A6, a parent ID portion A5, a type |
portion “stroke”, and a data portion “1100” being the raw and recognized content represented by

the digital ink 1100.

[00126]  As the document Dg is open for editing or display by the other actor and the devices
100 are connected by the link 302 of the network 12, this update of the journal Ja is
communicated to the other actor. As a result, the document management system 112 of the other
device updates the document journal Jg to include the data bf the shared message 412 as a
corresponding new subsequent meesage 1012 with the asso’ciated.message and parent [Ds and
.type and content information (as shown in‘F 1G. 11C). From the journal Jg, the version of the
document Dg is updated and displayed on the display and input area 300 associated with the
second device to include the rendered digital ink 1100 (as shown in FIG. 11A) included in the
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message content journal Jg based on the type portion of “stroke” and the stroke ID(s)'of the

associated data portion, as provided by the message content of the shared journal Ja.

100127]  Such shariﬁg of document content modifications with consequential updating of iocal
document journals is perf_orrﬁed by the present system and method independent of the actor |
performing the modification(s). That is, the present system and method does not treat one of the
networked devices/actors as a master, with the others treated as slaves. For example, FIG. 12
shows the effect of a modification to the shared document made by the user of the second device
100. That is, in ‘FIG. 12A, the document Dg has subsequent input which has been rendered as
digitél ink 1200. The input 1200 is handwriting.input of multiple strokes represenﬁng non-text
input which 1s recognized as a shape, being a complex arrow, and may also be detected as a
connector of the containers 400 and 1100. Based on this modification of thé_ document Dg, the |
document fnanagement system 112 updates the document journal Jg as shown in FIG. 12B to
include a corresponding message 1014, which is the seventh (subsqqucnt) message of the

| journal. The message 1014 is generated to contain a message ID portion B7, a parent ID portion
A6, a type portion “stroke”, and a data poftion “1200” being the raw and recognizéd content

represented by the digital ink 1200, e.g., the stroke ID.

[00128]  As the document Da is open for editing or display by the first actor and the devices
100 are connected by the link 302 of the network 12, this update of the journal Jg is
communicated to the first actor. As a result, the document management system 112 bf the first
_ device updates the document jdumal Ja to include the data of the shared meésage 1014 as a
corresponding new subsequent message 414 with the associated message and paréﬁt IDs and
type and content information (as shown in FIG. 12C; the earlier messages of the journal Ja are
not depicted for brevity but remain in the journal J4; this isthe case in FIGS. 13 to 17 and 19
also). Ffom the journal Ja, the Qersion of the document D4 is updated and displayed on the
display and input area 300 associated with the first device to include the rendered digital ink
1200 (as shown in FIG. 12A) included in the message content journal‘J A based on the type
portion df “stroke” and the stroke ID(s) of the associated data portion, as provided by the |

-message content of the shared journal Jg.
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[00129]  Further, the actors update their local document version journals based on the shared
modification messages, such that the present system and method does not rely on a client or
centralized server architecture for collaboration. This non-centralized or local approach to the
collaboration model of the present system and method optimizes the communication and
‘processing speed of modifications and allows faithful reproduction of the latest version of a
document with full access to previous document versions. via undo and redo for example, even
when modification conflicts occur. Such conflicts involve indirect conflicts, in which multiple
actors edit non-associated content of the same document substantially simultaneously, and direct
conflicts, which occur when multiple actors modify the same or associated content of the same
document substantially simultaneously. In the present system and method such conflicts are

managed via the document journal model as is now described.

[00130] FIG. 13A shows the document Da upon a series of subsequent input which has been
rendered as digital ink 1300, 1302, 1304 and 1306, and the document Dg upon a series of
subsequent inputs which has been rendered as digital ink 1308, 1310, 1312 and 1314. v

[00131]  With respect to the document D, the input 1300 is handwriting input of multiple
strokes representing non-text input which is,recognized as an érrow, and may also be detected as
a connector associated With the container 1000. The input 1302 is handwriting input of multiple
strokes representing text input which is recognized as the capitalized words “No Go”, and may
also be detected as a label of the connector 1300. The input 1304 is handwriting input of a single
stroke representing non-text input which is recognized as a shape, Being a square, and may also
be detected as‘ a container associated with the connector 1300. The input 1306 is handwriting
input of multiple strokes representing text input which 1s recognized as the capitalized word

“Stop”, and.may also be detected as a label of the container 1304.

[00132] With respect to the document Dg, the input 1308 is handwriting input of multiple
strokes representing non-text input which is recognized as an arrow, and may also be detected as
a connector assoeiated with the container 1000. The input 1310 is handwriting input of multiple
s'trokes. representing text input which is recognized as the caeitalized word “Go”, and may also
be detected as a label of the connector 1308. The input 1312 is handwriting input of a single

stroke representing non-text input which is recognized as a shape, being an oval, and may also be
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detected as a container associated with the connector 1308. The input 1314 is handwriting input
of multiple strokes representing text input which is recognized as the word “initialization”, and

may also be detected as content of the container 13 12.

- [00133]  Inisolation (for example if the documents are modified while the associated devices
100 are not connected, e.g., off-line, as represented in FIG. 13A by the absence of the link 302 of
the netwdrk 12), based on these modification inputs of the documents Da and Dg, the document
management system 112 would update the document journal Ja as shown in FIG. 13B and the

document journal as shown in FIG. 13C.

[00134] That-is', the document jvéurnal Ja is updated to include corresponding messages 416,
| 418, 420 and 422, which are the eighth to eleventh (subsequent) messages of the journal,
respectively. The message 416 is generated to contain a message ID portion A8, a parent ID
portion B7, a type portion “stroke”, and a data portion “1300” being the raw and re¢ognized
- content represented by the digital ink 1300. The message 418 is generated to contain a message
" ID portion A9, a parent 1D portion A8, a type portion “stroke”, and a data portion “1302” being
the raw and recognized content represented by the digital ink 1302. The message 420 is
generated to contain a message 1D .portion A 10, a parent ID portion A9, atype portion “stroke”,
and a data portion “1304” being the raw and recognized content represented by the digital ink
1304. The message 422 is generated to contain a message ID portion A11, a parent ID portion
A10, a type pdrtion “stroke”, and a data portion “1306” being the raw and recognized content

represented by the digital ink 1306.

[00135] The document journal Jg on the other hand is updated to include corresponding )
messages 1016, 1018, 1020 and 1022, which are thé eighth to eleventh (subsequent) messages of
the journal, respectively. The message 1016 is generated to contain a message YII.) portion B8, a
parent ID portion B7, atype portion “stroke”, and a data portion “1308” being the raw and
recognized content represented by the digital ink 1308. The message 1018 is generated to contain '
a message ID portion B9, a parent ID portion B8, a type portion “stroke”, and a data portion |
“1310” being the raw and recognized content represented by the digital ink 1310. The message
1020 is generatéd to contain a message ID portion B10, a parent ID portion B9, a type portion

“stroke”, and a data portion “1312” being the raw and recognized content represented by the
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digital ink 1312. The message 1022 is generated to contain a.message ID portion B11, a parent
ID portion B10, a type portion “stroke”, and a data portion “1314” being the raw and recognized

content represented by the digital ink 1314.

[00136] These updated journals reflect the content of each journal in the status shown in
FIG. 13A, which represent different versions of the shared document. Upon sharing of the
messages of the different journals, the document management system associated with each
device must reconcile the differences so that each actor not only displays the current version of
the shared document but also has a journal which represents a chain of modiﬁcatiohs to
accessible earlier versions, e.g., through undo, that the other actors can .also access. The present
system and method handles this reconciliation by building the local document journals taking
into account other actors’ actions in the same manner as that actor’s actions are taken into
account, that is, in time-order. For example, when the meséages of the document journal of one
actor are shared with another actor(s), the relative timing of the local and remote actor(s)’s
joﬁmal messages is compared so that the resulting updated journal has a message chain that
remains time-ordered. As described earlier, this time relative information is provid‘edA as part of
the message IDs in a manner which provides absolute timing of each message indepehdent of the

device used to perform the modification of the message. This is shown by eXample in FIG 14.

[00137] FIG. 14A shows the updated display bf the documents DA and Dg by the document
management system 1 12>of each of the devices 100 upon the (re-)connection of the devices via
the link 302 of the network 12 with the documents D A and Dg previously in the states shown in
FIG. 13A. As can bevseen; each of the documents D4 and Dg is updated to display the current
version in which all of the added input 1300 to 1316 are displayed, that is the inputs 1300 to
1306 have been communicated by the (first) device 100 displaying the documént Da to the
(second) device 100 displaying the document Dp via the messageé 416 to 422 of the journal Ja
and the inputs 1308 to 1314 have been communicated by the second device to the first device via

the mes_sageé 1016 to 1022 of the journal Jg.

[00138]  All of these inputs are used to display both of the documents D4 and Dg because the
inputs 1300 to 1316 constitute indirect conflicts of the same document, not direct conflicts of the

same document content. The resulting journals J4 and Jg used to build the current version of the
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shared document, represented by the documents of FIG. 14A, are different however due to this

ndirect conflict, as follows.

[00139]  In this example, each of thel inputs 1300 to 1306 modifying the document DA are
made before (e.g., in time-order) each of the inputs 1308 to 1314 modifying the document Dg.
As such, upon receiving the messages 1016 to 1022 of the journal J, the document management
" system 112 of the first device 100 détermines from the corresponding time information that each
of the messages 1016 to 1022 occurred after the final or terminal message of the current
blockchain, being message 422, and therefore updates the journal Ja to include fhese messages as
further messages appended to the journal Ja. This is shown in FIG. 14B in which a new series of _
messages 424, 426, 428 and 430, which are the twelfth to fifteenth (subsequent) messages of the
journal, are added respectively corresponding to the messages 1016 to 1022. On the other hand,
for the journal Jg the communicated messages 416 to 422 of the journal J from the first device
100 occurred before the messages 1016 to 1022, and therefore cannotv be-simply added as is, as-
multiple messages in the jbumal WOLlld have the same parent ID, .making it difficult to correctly
build the document, and cannot be simply appended with a new parent ID(s) to the end of the

existing journal Jp as the resulting updated journal would not have blocks in time-order.

[00140] The present system and method manages this situatidn of indirect modification
conflicts by updating the journal(s) to retain the time-order of rhessages. In one example, this is
achieved by the document management system 112 bui»ldi»rvlg the document journal to contain one
or more separate blockchains, or branches of blockchains, which stem from a common

bloeckchain.

[00141] For example, upon receiving the messages 416 to 422 of the journal Ja, the document
management system 112 of the second device 100 determines from the corresponding timé
‘information that each of the messages 416 t0 422 océurred before the ﬁnal. or terminal message
of the current blockchaiﬁ, being message 1022, and more speéiﬁcélly before the message 1016.
The document management system 112 of fhe second device 100 therefore updates the jbumal J 3‘
_as shown in FIG. 14C to branch the blockchaiﬂ at message 1014 (being the final block in time-

* order before the time of block 416) to include a (first) branch 1400 containing the existing
messages 1016 to 1022 (corresponding to a trunk 1400 of the blockchain as depicted) and a
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(second) branch 1402 in which the earlier messages 416 to 422 of the shared journal Ja are
included in sequential order as new messages 1024 to 1030, respectively, and the exisﬁng
messages 1016 to 1022 are copied and appended thereafter in sequential order as new messages
1032 to 1038, respectively. In this way, the time-order is respecfed with the earliest time-ordered
copied message appended (e.g., immediately after) to the latest time-order branched 1ﬁessage. In
this branching operation, the message IDs of the copied existing messages 1016 to 1022 are
updated as new message IDs B12, Bl3; B14 and B15, respectively, with corresponding parent ID

- updates to respect the antecedence of the series of messages in the respective journal branch.

[00142]  The proper display of the current version from such a branched document journal is
handled by the document management system reading the time information of the messages
when build.in'g the document to compare the time information of the initial (first) messége of

. each branch, and taking that branch héving the first message with the earliest time information
(e.g., the lowest message ID) to decide which further messages to read in (re-)building the
document. This can be seen from the example of FIG. 14, since the content of the time-ordered
series of the messages of jourﬁal'J A shown in FIG. 14B is the same as the content of the time-
ordered series of the messages of journal Jg in épath' following the blockchain into the second
branch 1402 shown in FIG. 14C, such that the resulting rendering of th_é digital ink in both of the

documents Da and Dg is the same as shown in FIG. 14A.

[00143] By this branching embodiment of the present system and method, the local journals
are built with a ‘tree’ structure such that later indirectly conﬂictéd modification messages are

. appended after earlier indirectly conflicted modification messages in the journal of the shared-
document, in a manner of ‘auto-correction’. As such, any new build of the shared document, e.g.,
on a newly connected device, is made from that journal. As a result, all sharing devices are able
to display the latest version of the shared document and access earlier versions, such as through

undo, a look-up of the journal, or other appropriate mechanism.

[00144]  Further, all existing messages are retained in each local journal but the messages of
‘terminated’ branches or chains are not taken into account when building the local version of the

shared document. These terminated messages cannot be subsequently visualized or manipulated
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by that local actor, however forensic analysis of the local document build from the journal could

be performed to detect any errors, for example.

[00145]  As an alternative example, the present system and method could update the document
journals with indirectly conflicted modification messages so that ear_lief time-stamped messages
are inserted before later time-stamped messages without creating multiple paths or branches as
discussed above. While such an alternative example may result in the same final display of the
current Versibn of the shared document, the resulting journals would be altered from earlier
versions in a such a manner that the local journal does not contéin all existing messages, which

may lead to errors in the local document build.

[00146] The present system and method may utilize the same document journal model, being
the use of a tree structure of the local document journals, to reconcile direct conflicts together
with certain pre-defined conditions or rules applied with respect to certain modification conflicts,

as is now described.

100147]  FIG. 15A shows the document D4 upon a subsequent inpuf (or series of inputs) which
has been rendered as digital ink 1500, and the document Dg upon a subsequent input which has

been rendered as digitél ink 1502.

-[00148]  With respect to the document Da, the input leading to the rendering of the digital ink
1500 1s a resizing command or operation of the handwriting input corresponding to the digital
ink 1200, being the arrow or connector betweeﬁ the inputs or containers 400 and 1100. Such an
operation may involve the user simply performing a multi—point gesture to select an end portion
of the digital ink 1200 and move it closer to, or so that it ‘touches’, the digital ink 400, e.g., by a
press and drag or push at the arrowhead of the arrbw? or a single-point or multi-point gestﬁre to
automatically join the detected connector 1200 to the detected container 400 via diagram
connector'logic employed by the document management system 1 12.and/or the HWR system
114, as déscribed in the afore-incorporated by reference United States Patent Application No.
14/955,155, e.g., by a tap or double tap at the arrowhead of the arrow. Accordingly, the digital
ink 1500 is rendered as the resulting resized digital ink 1200.
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[00149] With respect to the document Dsg, the input 1502 is handwriting input of multiple
strokes representing text input which is recognized as the all-capitalized word “REDIRECT”,

and may also be detected as a label of the connector 1200.

[00150] In embodiments of the present system and method in which the diagrammatic
relationship of the non-text and text elements of the document content is not deterrnined, the
input 1500 associated with the document D causes an indirect modification conflict with the
input 1502 associated with the document Dg whether the devices diéplaying the respective
documents are conneéted or not during the modifications. If the devices are not connected, and
are connected later, the post-update or adjustment of the respective journals is performed aé
described earlier with respect to which input occurred first. If the devices are connected and the
respective documents are open for editing or display, the respective journal updétes are
communicated in real-time such that the local journal and document display updates are
performed in real-time, e.g., substantially immediately after the journal updates are received by

the respective actors.

[00151]  Such real-time updates may not be particularly disturbing to the different users as
portions or content elements of the document other than that being interacted with by each user
are updated. This depends however on the nature and extent of the modifications. Accordingly, a
certain lapse of time after the last interaction by a user, de‘te-rmined by the associated document
management system 112 from a pen-up event, for example, may be observedvbef(_)fe performing
the document display update from the updated journal. This time lépsé should not be defined to
‘be too long however, to minimize the potential for indirect contlicts to become direct conflicts.
For example, a time lapse of about 0.1 seconds to about 0.8 seconds fnay be suitable as pre-

defined by the document management system and/or settable by users via the UI or the like.

[00152]  Such user experience issues rhay_ not be a concern during a collaboration sessioh, for
example, since th‘e collaborators are expecting th'e- document to be modified by the others and
may be in communication, such as via voice and/or text chat. On the other hand, in non-
vc‘ollaboration scenarios, such as a user opening a document to work on it without prior .
knowledge that the document is being modified by‘one or more other users, these user

experience concerns are more pronounced. However, the afore-described mechanisms for
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conflict resolution in a timely manner perhaps coupled with communication to the user by the
associated document management system that the document is open elsewhere for viewing and
editing, may alleviate these issues, without needing to ‘lock’ editing of the document as is

conventional.

[00153]  In embodiments of the present system and method in which the diagrammatic

| _felationship of the non-text and text elements of the document content is determined, the input
1500 dssociated with the document Da causes a direct modification conflict with the input 1502
associated with the document Dg whether the devices displaying .the respective documents are
conhected or not during the modifications. This is because, the respective document management
systems 112 and/or HWR systems 114 of the devices 100 (as connected or upon connection)

need to take into account modifications of related diagram elements.

[00154]  In the present example, the labelling of the connector 1200 with‘the label 1502 is the
same as the labelling of the'connect‘or‘ 1500 with the label 1502, since the respective rendered
positions of the connector 1500 and the label 1502 in the resulting updated shared document are
not affected by the rendering of the other content element. If the fendered positionS'wefe
effected, the present system and method may cause an alert to be displayed to one or more of the
actors communicating the conflict, determine remedial action via different rendering of the -
digital ink of one or more of the related elements, or determine that the conflict resolution of the
document journal model itself eliminates the conflict, such as will be seen later with respect to

* other modifications like the ‘erase’ modification type.

[00155] As before, the example of FIG. 15 involves conflicting input to the same (shared)
document, and as such the document journal of eac_:h actors’ version of the document is updated
to reﬂect the action(s) taken by the other actor(s) in a manner which maintains integfity of the
ink. The journals Ja and Jg of the dbcuments D4 and Dg are built as shown in FIGS. 15B and
15C, respectively, where the input 1500 associated with _the document Da occurs before the input
_1502 associated with the doéument Dg. In these drawingé, and those folloWing, the dashed
elements indicate branches and messages of the journals that are built as the messages from the

other actor(s) are received and analyzed by the respective document management system.
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[00156] With respect to the document D, the resize operation is handled by the document
management system 112 of the first actor as a single step modification, however with two

- components. The first component is thle detection of the selection gesture for selecting the
existing strokes corresponding to th_é recognized ink being résiied by the gesture and the second
component is the resizing of the.exist'ing strokes corresponding to the recognized resized ink.
Accordingly, in the present example the content corresponding to the digital ink 1200 is to be

resized as digital ink 1500.

[00157]  As aresult, the journal J4 is updated to include message 432, which is the sixteenth
(subsequent) message of the journal, corresponding to the input 1500. The fnessage 432 is
generated to contain a message ID portion A16, éparent ID portion B15, a type portion “resize”,

and a modification data portion specific for the resize modification.

[00158]  Forthe ‘resize’ modification type, the modification data includes the content input
that is being resized and the resulting resized content. The content that is being resized includes
the identification of the ‘stroke’ data of that content and the resulting resized content includes the
resized ink strokes, e.g., the stroke ID of the strokes being resized. The resized content includes
the coordinates of the resized ink and the recognition result associated therewith, e.g., one or
more stroke IDs of the resized strokes. The recognition and rendering of the resized ink may be
performed by the present system iand method as described in afore-incorporated by reference
United States Patent Application No. 14/955,155. Acco_rdingfy, each actor receiving journal
messages from other actors receives the identity of the strokes of the raw ink that are being acted
upon and the recognition results therefor in the modification data. As such, the document |
management system 112 of the receiving aétor(s) is able to re-render the corresponding digital
ink in their version of the shared document and interaction with the rendered digital ink is

~ substantially immediately possible without requiring re-recognition, as with the stroke

modification type.

dditionally, or alternatively, the ‘resize’ modification data portion may include the
gesture ink input together with the interacted ink identification, i.e., the ink strokes being resized.

In this 'example, the gesture ink is the received handwritten or hand-drawn input designating the
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resizing operation, such as the multi- or single-point gestures discussed earlier. The inclusion of

the gesture ink constitutes the communication of the ink object(s), as described earlier.

[00160] Alternatively, or additionally, still, the ‘resize’ modification data portion may include
only the relative stroke coordinates which represent the raw ink of the resize gesture. In such an
alternative example the document manégement system 112 and/or HWR system 114 of each
device 100 is required to recognition process the data portion of each message of a document

journal when the messages are shared.

[00161]  Further, the ‘resize’ modification data portion may also include the message ID (and
. parent ID) of the ‘stroke’ type message 6riginally» associated with the strokes being resized. In
this way, links between the messages that modify other messages of the resulting journal can be

deduced, which may assist in the detection of errors, for example.

- [00162] - The described modification data are examples and are non-exhaustive, such that itis
understood that other or more data types (formats) can be provided in the document journal
messages. In any case, as before, the ‘stroke’ data of the modification data may act as data to

identify the strokes, e.g., one or more stroke IDs.

[00163] 1In the illustrated example, as shown in FIG 15B, the content input that is being
resized is designated in the modification data portion of the message 432 by “1200” being the
*raw and recognized content represented by the digital ink 1200 being resized. As described
earlier, the modification data portion of the message 432 may also include the message ID B7
and parent ID A6 of the message 412 of the journal Ja associated with the content 1200. The
resulting resized content is designa_ted in the modification data portion of the message 43-2 by

“1500” being the resized content represented by the digital ink 1500.

'[001 64]  With respect to the document D, tHe journél JB is updated to include méssage 1040
in the branch 1402,‘w'hich is the sixteenth (subsequent) message of the journal, corresponding to
the input 1502. The message 1040 is generated to contain‘a message ID portion B16, a parent ID
portion B15, a type portion “stroke”, and a modification data portion “1502” being the raw and

recognized content represented by the digital ink 1502. -
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[00165] In a situation where both the documents Da and Dg are open for editing or display by
the respective first and second abtors, the devices 100 are connected by the link 302 of the
network 12, and the inputs 1500 and 1502 occur within érelatively short space of time or ‘time-
window’ (e.g., about 0.1 seconds to about 0.5 seconds), the updates of the journal Ja and Jg are
communicated to the other actor after the initial (first) digital ink renderihgs bf FIG. 15A. In this
case, the renderings are updated as discussed earlier ui)on updating (or rebuilding) of the
respective journal versions to include the corresponding edited and added strokes 1500 and 1502

(e.g., see FIG. 16A).

[00166]  In particular, as a result of receiving the other actors’ updated journal ‘messages, the
document management system 112 of the first device updates the document journal Ja to include
the déta of the shared message 1040 as a corresponding new subsequent méssage 434 with the
associated message and‘pérent IDs and type and-content information (as shown in FIG. 15B),
and the document fnanagement system 112 of the second device updates the document journal Jg
to further branch the blockchain at the message 1038 of the branch 1402 containing the existing
messages 1024 to 1040 to form a (third) branch 1404 in which the earlier message 432 of the
shared journal J4 is included as a new message 1042 and the existing message 1040 is appended
-thereafter as a néw message 1044 (as shown in FIG. 15C). As before, in this branching operation,
the message ID of the copiéd existing message 1040 is updated as a new message ID B17, with
the corresponding parent ID update to respect the _antecedeﬁce'of the messages in the respective

journal branch.

[00167]  Thus, from the journal J4 the version of the document Da is updated and displayed on
the display and input area 300 associated with the first device to include the rendered digital ink
1502 (as shown in FIG. 16A) based on the type portion of “stroke” and the stroke 1D(s) of the
associated data portion, as prbvided by the message content of the shared journal Jg, and from
the journal Jg the version of the document Dg is ﬁpdated and displayed on the display and input
area 300 associated with the second device to include the rendered (resized) digital ink 1500 (as
showh in FIG. 16A) based on the type portion of “resize” and the stroke IDs of the associated

data portion, as provided by the message content of the shared journal Js.
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[00168] Due to the nature of the modifications of example of FIG. 15, the resulting displayed
current versions of the shared document would be the same if the modifications to each version
of the document depicted in FIG. 15A had been performed in the reverse order, e.g., the input
1502 was performed before the input 1500. In this case the content of the meésages 432 and 434 |
of the resulting jourﬁal Ja and the messages 1042 and. 1044 of the resulting journal Jg would
have been in the reverse order also. A modification example in which fhis may not be the case is

described later.

[00169] = The resizing operation of the example of FIG. 15 may alternétively be treated by the
present system and method as a replacement operation of the strokes involved for the purposes of -
. the document journal. That is, an erasure of the strokes and addition of new strokes (which are

© resized versions of the erased strokes) may be captured in the messages of the journal. The
resulting (re-)build of the document is the same for either case. FIG. 16 illustrates an example
replacement operation on the document Da having a direct conflict with an example erase

operation on document Dsg.

[00170] That is, FIG. 16A shows the document Da upon a subsequent input which has been
rendered as digital ink 1600, and the document Dp upon a subsequent input which has been

rendered as digital ink 1602.

[00171]. With respect to the document D, the input leading to the rendering of the digital ink
1600 is an overdrawing operation of the handwriting inpﬁt corresponding to the digital ink 1304,
being thé square or container 1304. The input 1600 is handwriting input of a -single stroke
representing non-text input which is recognized as a shape, being a circle, and may also be
detected as a container associated with the connector 1300. In response to this action, the
document management system 112 and/or the HWR system 114 detects that the shape, i.e., the
square, represented by the existing content 1304 is to be replaced by the shape, i.e., the circle,
represented by the new content 1600. This detection may be performed as described in the afore-

incorporated by reference.Unité'd States Patent Application No. 14/955,155.

[00172]  With respect fo the document Dsg, the input leading to the rendering of the digital ink
1602 is also an overdrawing operation of the handwriting input corresponding to the digital ink

1304, being the square or container 1304. The input 1602 is handwriting input of a single stroke
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representing gesture input which is recognized as an erase gesture, being a scratch-out. In
re‘spo_nse to this action, the document management system 112 and/or the HWR system 114
detects that the shape, i.e., the square, represented by the _existing content 1304 is to be erased in
-accordance with the erase gesture, i.e., the scratch-out, represented by the new content 1602.
This detection may be performed as described in the afore-incorporated by reference United

‘States Patent Application No. 14/955,155.

[00173] In the illustrated example, the erase gesture, or editing stroke(s), 1602 is displayed as
digital ink corre_spond{ng to the digital ink representation of the input raw ink of the gesture.

: waever’, the doéument management system 112, and or the processor 106 of the device 100,
may be configured to display editing stroke(s) with a pre-defined shape or some other
appropriate rendering. This rendered editing digital ink may be performed for a certain amount
of tifne, e.g., for about 0.1 seconds to about.O.S seconds or until the recognized editing operation
is perfo.rm_ed (e.g., the erased ink is omitted from display), and then gradually faded from |
display, for éxample. In this case, the display of the detected editing gesture may be used to
provide recognition feedback to users with respect to recognition of the gesture itself and the
relative location thereof. AltematiVely, the editing operation of the detected gesture méy be
performed without display of the editing digital ink, such that the display of the completed

editing operation itself is used for such feedback.

[00174]  As before, the example of FIG. 16 involves conflicting input to the same shared
document, and as such the document journal of each actors’ version of the document is updated
to reflect the action(s) taken by the other actor(s) in a manner which maintains integrity of the
ink. The journals Ja and Jg of the documents D4 and Dg are built as shown in FIGS. 16B and
16C, respectively, where the input 1600 associated with the document D occurs béfore the input

'1 602 associated with the document Dg.

[00175] With respect to the document Da, the overwrite opervation is handled by the document
management system 112 of the first actor as a two step modification. The first step is the erasure
of the existing strokes corresponding to the recognized ink being overwritten and the second step

isi,the addition of new strokes corresponding to the newly recognized ink. Accordingly, in the
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present example the content corresponding to the digital ink 1304 is to be erased and then the

content corresponding to the digital ink 1600 is to be added (as shown in FIG 17A).

[00176] Asa résult, the journal Ja is updated to includé -‘sub'sequent messages 436 and 438,
which are the nineteenth and twentieth (subsequent) messages of the journal, corresponding to |
the erasure of input 1200 and input 1600, respectively. The message 436 is generated to contain a
message 1D portion A18, a parent ID portion B17, a type portion “erase”, and a modification |
data portién specific for the erase modification. The message 438 is generated to contain a
.m'essage D portion A20, a parent ID portion A 19, a type portion ‘;stroke”, and a data portion
| “1600” being the raw and recognized content represented by the digital ink 1600.

[00177] With respect to the document Da, the erase operation is handled by the document
management system 112 of the second actor as a single step modification, however with two
components that are similar to the steps of the overwrite operation and like the components of
fhe afore-described resize operation. The first component is the detection of the erase gesture for
erasing the existing strokes corresponding to the recognized ink being overwritten by the gesture
and the second component is the erasure of the existing strokes corresponding to the recognized
ink being erased (overwritten).'Accordingly, in the present exarnple the content corresponding to

the digital ink 1304 is to be erased.

[00178] As aresult, the journal Jg is updated to include a subsequent message 1046 in the
branch 1404, which is the nineteenth (subsequent) message of the journal, corresponding to the
érasure of input 1304. The message 1046 is generated to contain a message ID portion B18, a
parent ID portion B17, a type portion “erase”, and a modification data portion specific for the

erase modification.

[00179]  For the ‘erase’ modification type, the modification data includes the content input that -
is being erased. The content that is being erased includes thé identification of the ‘stroke’ data of
that content, e.g., the stroke ID(s). Accordingly, each actor.receiving journal messages from

.other actors receives the identity of the strokes of the rﬁw-ink that are being acted upon in the

" modification data. As such, the document management system 1 12 of the receiving actor(s) is

able to re-render the corresponding digital ink in their version of the shared document (in this

erasure case, omitting that digital ink) and interaction with the rendered digital ink is
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substantially immediately possible without requiring re-recognition, as with the stroke

modification type.

[00180] Additionally, or alternatively, the ‘erase’ modification data portion may include the
gesture ink input together with the interacted ink identiﬁ.catio_n, i.e., the ink strokes being erased.
In this example, the gesture ink is the received handwritten or hand-drawn input designating the
erase operation, such as the overwrite and scratch-out gestures discussed earlier. Other erase
gestures are possible however, and example of which is described later. The inclusion of the

gesture ink constitutes the communication of the ink object(s), as described earlier.

[00181]  Alternatively, or additionally, still, the ‘erase’ modification data portion may include
only the relative sfroke coordinates which represent the raw ink of the erase gesture. In such an
alternative example the document management system 112 and/or HWR system 114 of each
device 100 is required to recognition procesé the 'data portion of each message of a document

Jjournal when the messages are shared.

- [00182]  Further, the ‘erase’ modification data portion may also include the messége ID (and
parent ID) of the ‘stroke’ type message originally associated with the strokes beihg erased. In
this way, links between the messages that modify other messages of the resulting journal can be

‘deduced, which may assist in the detection of errors, for example.

[00183] The described modification data are examples and are non-exhaustive, such that it is
understood that other or more data types (formats) can be provided in the document journal
messages. In any case, as before, the ‘stroke’ data of the modification data may act as data to

identify the strokes, e.g., one or more stroke IDs.

[00184] . In the illustrated example, for the erase message of journal Ja the content input that is
being erased is designated in the modification data portion of the message 436 by “1304” being
the raw and recognized content represented by the digital ink 1304 being overwritten, as shown
in FIG 16B. As described earlier, the modification data portion of the message 436 may also
include the message ID A10 and parent ID A9 of the message 420 of the journal Ja associated
witfl the content 1304. For the erase message of journal Jg the content input that is being erased

is designated in the modification data portion of the message 1046 by “1304” being the raw and

45



WO 2018/033247 PCT/EP2017/000989

recognized content represented by the di gita.l ink 1304 being erased, as shown in FIG 16C. The
modification data porﬁon of the message 1046 may also include the message ID A10 and parent
ID A9 of the ‘r.ness.‘age 1028 of the journal Jp associated with the content 1304. As can be seen,
the rﬁodiﬁcation data pértion of thesé erase messages include the same content, as expected since

the erase operations refer to the same content.

[001 85] ‘Ina situation where both the documents Da and Dg are open for editing or display by
the respective first and second actors, the devices 100 are connected by the link 302 of the
network 12, and the inputs 1600 and 1602 occur within a relatively short space of time or ‘time-
window’ (e.g., about 0.1 seconds to about 0.5 seconds), the updates of the journal Ja and Jp are
communicated to the other actor after the initial (first) digital ink renderingé of FIG. 16A. In this
case, the renderings are updated as discussed earlier upon updating (or rebuilding) of the
reépective journal versions to include the corresponding edited and added strokes 1600 and 1602

(e.g., see FIG. 17A).

[00186] In particular,. as a result of receiving fhe other actors’ updated journal messages, the
document management system 112 of the first device updates the document journal J4 to include
the data of the shared message 1046 as a corre_sponding'ne'w subsequent message 440 with the
associated message and parent IDs and type and content information (as shown in FIG. 16B),
and the document management system 112 of the second device updates the document journal Jg
to further branch the blockchain at the message 1044 of the branch 1404 containing the existing
messages 1042 to 1046 to form a (fourth) branch 1406 in which the earlier messages 436 and
438 of the shared journal Ja are included as new messages 1048 and 1050, respectively, and the
existing message 1046 is appended thereafter as a new message 1062 (as shown in FIG. 16C). As
before, in this branching operation, the message ID of the copied existing message 1046 is
updated as a new message ID B20, respectively, with corresponding parent ID update to respect

the antecedence of the messages in the respective journal branch.

[00187]  Thus, from the journal Jg the version of the document Dg is updated and displayed on
the display and input area 300 associated with the second device to include the rendered digital
ink 1600 (as shown in FIG. 17A) based on the type portions of “erase” and “stroke” and the

stroke IDs of the associated data portions, as provided by the message content of the shared
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journal Ja, such that both of the updated documents D4 and Dg include the circle (container)
1600 in place of the previous square (container) 1304. While the message 1046 of the Joumal JB,
that is the erase operation, is also shared the content thereof is not used by the document
management system 112 of the first deylce in order to update the document Da, or is used by the
“document management systém 112 but has no effect when applied. This is because, the erase
operation represented by the message pertains to ink of the document D4 which has already been

erased, namely by the earlier message 436 of the corresponding journal Ja.

- [00188] Despite this non-effect, the inclusion of redundant messages in the document journal
model by the present system and method ensures that a ‘true’ journal of the document exists and
that errors in handing the omission of certain actions do not occur. However, it is possible for the
present system and method to be configured so that such omissions of redundant messages is

performed.

[00189] Due to the nature of the modifications of example of FIG. 16, the resulting displayed
current versions of the shared document would be the same if the modifications to each version
of the document depicted in FIG. 16A had been performed in the reverse order, e.g., the input -
1602 was performed before the input 1600. However, in this case the content of the message 440
would be before that of the messages 436 aﬁd 438 in the resulting journal Ja and the message
1052 would be before that of the messages 1048 and 1050 in the resulting journal Jg. An

example of an erase dperation on the document D4 having a direct conflict with an example
operation on the document Dg in which this reversal of order does have an-effect is now

described with respect to FIG. 17.

[00190] FIG. 17A shows the document Da upon a subsequent input which has been rendered
as digital ink 1700, and the document Dg upon a subsequent input which has been rendered as -

digital ink 1702.

[00191]  With respect to the document Da, the input leading to the fendering of the digital ink
1700 is an erase (overdrawing) operation of the handWriting input corresponding to the digital '.
ink 1314, being the text content 1314 of the container 13 12. The input 1700 is handwriting input
of a single stroke representing gesture input which is recognized as an erase gesture, being a

strike-through. In response to this action, the document management system 112 and/or the
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HWR system 114 detects that the text, i.e., the word “initialization”, represented by the existipg
content 1314 is to be erased. This detection may be performed as described in the afore-

incorporated by reference United States Patent Application No. 14/955,155.

[00192]  With respect to the document Dg, the input leading to the rendering of the digital ink
1702 is also an overwriting operation of a portion of the handwfitiﬁg inbut éorrés.po.nding to the
digital ink 1314. The input 1702 is handwriting input of a multiple strokes representing text input
which is recognized as a capitalized character, being the letter “I”. In response to this aétion, the
document management system 112 and/or the HWR system 114 detects that at least a portion of
the text, i.e., the letter “i” beginning the recognized word “initialization”, represented by the
existing content 1314 is to be replaced by the character, i.e., the capital letter “I”, represented by
the new content 1702. This detection may be performed similar to the detection of the

overwriting gestures described earlier.

-[00193]  As before, the example of FIG. 17 involves conflicting input to the same shared
document, and as such the document journal of each actors’ version of the document is updated _
to reflect the action(s) taken by the other actor(s) in a manner which maintains. integrity of the
ink. The journals Jg and Ja of the documents Dg and Da are built as shown in FIGS. 17B and .
17C, respectively, where the input 1702 associated with the document Dg occurs before the input

1700 associated with the document Da.

[00194]  With respect to the document Dg, the overwrite operation is handled b.y the document
managefﬁent system 112 of the second actor as before to include erasure and stroke addition
modification steps. However, unlike the earlier described overwriting examples, the example
overwrite operation of FIG. 17 involves the.overwriting of only a portioﬁ of a recognized

element of the shared document content. Depending on how this is handled by the pi‘e'sent system
and method, the resulting consequential document updétes may be different. For example, the

- HWR system 114, through the languége model employed by the language expert 126, may be
configured to recognize that the newly added character “I” iS intended by the user to replace the
initial character “i” of the already recognized word “initialization”. In that case, the HWR system
114 returns a new recognition result of the capitalized word “Initialization” to the document

| management system 112.
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[00195] On the other hand, if the document management system 112, and/or HWR system,
does not emplby such a language model, e.g., in a handwriting recognition system that does not
employ at least word-level semantics; such as a character-based recognition system, the erasure
of the initial character “i” of the already recognized word “initialization” will result in the

content “nitialization” being returned separately from the newly recognized character “I”.

[00196] These differeﬁt techniques have coﬁsequences for the shared document model. For
the former case, the whole of the content corresponding‘ to the digital ink 1314 is to be erased
and then the content corresponding to the digital ink 1702 is to be added. As a result, the journal
g is updated to include subsequent messavtges‘ 1054 and 1056, which are the twenty-first and
twenty-second (subsequent) messages of the journal, corresponding to the erasure of input' 1314
‘and then input corresponding to the digital ink 1702, respectively (as shown in FIG 17B). The
message 1054 is generated to contain a message ID portion B21, a parent ID portion B20, a type
portion “erase”, and a modification data portion including “1314” being the raw and recognized
content represented by the digital ink 1314 being overwritten. The modification data portion of
the message 1054 may also include the message ID B15 and parent ID B14 of the message 1038
of the journal Jg associated with the content 1314. The message 1056 is generated to contain a
message ID portion B22, a parent ID portion B21, a type portion “stroke”, and a data portion
“1702” being the raw and recognized content represented by the digital ink 1702.

[00197]  On the other hand, for the latter case, only a portion of the content corresponding to
the digital ink 1314 is to be erased and the content corresponding to the digital ink 1702 is to be
added. As a result, the message 1054 is generated with the same message and parent ID and type
portions, but with a modification data portion including only those stroke coordinates of the
content 1314 that are being erased, e.g., the one or more stroke IDs of those strokes that are to be
erased or replaced. The impact of these different joumalh updates is explained létér. Alternatively,
a chain of messages may be generated representing thé complete erasure of thé existing content
1314 (e.g., like the message 1054 of FIG. 17B), the addition of strokes related to the remaining |
portion of the partially erased content 1314 (e.g., a new ‘stroke’ type message containing
modification data of the remaining stroke coordinates and associated recognition result) and the

addition of the new strokes 1702 (e.g., like the message 1056 of FIG. 17B).
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[00198]  With respect to the document Da, the erase operation is handled by the document
management systerﬁ 112 of the first actor as before to include gesture detection and erase
corhponents. Accordingly, in the present example the content corresponding to the digital ink
1314 isto be érased. As a result, the journal J is updated to include a subsequenf message 442
which is the twenty-first (subsequent) message of the journal, corresponding to the erasure of
input 1314. The message 442 is generated to contain a modification data portion including
“1314” being the raw ahd recognivzed content represented by the digital ink 1314 being
‘overwritten, as shown in FIG. 17C. The modification data portion of the message 442 may also
include the message ID B15 and parent ID B14 of the message 430 of the journal Ja associated
with the content 1314, o '

- [00199] As caﬁ be seen, the modification data portion of these erase messages for the Jjournals
Ja and Jp include the same content for the semantic recognition example, as expected since the
erase operations refer to the same content. Accordingly, for this example, in a situation where
both the documénfs D4 and D are open for editing or display by the respective first and second
actors, the devices 100 are connected by the link 302 of the network 12, and the inputs 1700 and
1702 occur within a relatively short space of time or “time-window’ (e.g.,about 0;1 seconds to
about 0.5 seconds), the updates of the journal Ja and Jp are communicated to the other actor after
the initial (first) digital ink renderings of FIG. 17A. In this case, the renderings are updated as
discussed earlier upon updating (or rebuilding) of the respective journal versions to include thé

results of the corresponding edited and added strokes 1700 and 1702 (e.g., see FIG. 18A).

[00200]  In particular, as a result of receiving the other actors’ updated journal messages, the

" document ménagement systerﬁ 112 of the second device updates the document joﬁmal Js to
include the data of the shared message 442 as a corresbonding new subsequent message 1058
with the associated message and parent IDs and type and content information (as shown in FIG.
17B), and the document management system 112 of the first device updates the document
journal Ja to branch the blockchain at the message 440 to form a (first) branch 1704 containing
the existing messages 400 to. 442 (corresponding to a trunk 1704 of the blockchain as depicted)
and to form a (second) branch 1706 in which the earlier messages 1054 and 1056 of the shared
journal Jp are included as new messages 444 and 446, respectively, and the existing message 442

is-appended thereafter as a new message 448 (as shown in FIG. 17C). As before, in this
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branching operation, the message ID of the copied éxisting message 442 is updated as a new
message ID A23, respectively, with corresponding parent ID update to respect the antecedence

-of the messages in the respective journal branch.

[00201] Thus, from the journal Ja the version of the document D4 is updated and displayed on
“the display and input area 300 associated with thé first device to include the rendered digital ink
1702 (as shown in FIG. 18A) based on the type portions of “erase” and “stroke” and the stroke
IDs of the assoc_iated daté portions, as-.prdvided by the message content of the shared journal Jg,
such that both of the updated documents D and Dp include the capitalized word “Initialization”

in place of the previous non-capitalized word “initia_lization’; 1314. As before, the erase
| operation of messagé 442 of the joumél Ja, while also shared has no effect when applied. As
such, in this example the resulting document Versions of the shared document would be the same

if the modification events 1700 and 1702 were conducted in the reverse order.

[00202] However, for the other example in which the whole of the content 1314 is not efased
by the erase operation 1702 different results are obtained based on the time-order of the events .

1700 and 1702, or otherwise undesirable results may occur.

[00203] For example, if like the previous example, the modification(s) of the second actor
occurs first, the newly recognized content 1702 of the character “I” and the partly erased content
1314 of “nitialization” are communicated to the first actor to be processed prior to the erase

operation 1700 of the first actor on all of the content 1314.

[00204]  If the message 1054 has been gen.er'ated‘as described earlier to have a modification
data portion including only those stroke coordinates (stroke ID(s)) of the content 1314 that are
being erased, this creates a direct cdnﬂict in which the modification data of the erase messages of
. the first and second actors are different for the same content, not the same as in the previous
example. As a result, the document management system inay either ignore the subsequent erase
message of the journ.al Ja (e.g., messages 448 and 1058 for each journal respectively), since the
content to which it pertains is altered, and therefore strictly no longer exists; or still action this
erase message resulting in the remaining portion of the content 1314 being erased. The former
case is the same as before, however the latter case would result in only the di gital ink 1702

representing the input of the second actor, namely the letter “I”, being displayed. In these cases,
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simple undoing (described later) of the last action by one of the actors would return the display

to that of FIG. 18A.

100205] The same result as the latter case occurs if the modification of the first actor occurs
first, since the whole of the content 1314 is erased by the erase message of the first journal Ja
first, such that the subsequent partial erase message of the second journal Jg is ignored by the
document management systems 112, or is otherwise ineffective on non-existing content, such
that only the input of the second actor, namely the lettér “I”, is displayed. However, undoing of
the last action would only omit the letter “I” such that the intended modification would not
result. This would therefofe require further user interaction to re-write the text content of the

container 1312, for example.

[00206] Oﬁ the other hand, if the messagé 1054 has been generated as described earlier to
have a modification data portion including a chain of messages representing the compiete erasure
of the existing content 1314, the addition of strokes related to the remaining portion of the
partially erased contenf 1314, and the éddition of the new strokes 1702, this creates a direct
conflict in which the modification data of the erase messages of the first and second actors are
the same, as in the previous example. As a result, independent of the time-order of the
modifications, the result includes both the digital ink 1702 representing the input of the second
actor, namely the letter “I”, and the digital ink of the partial input 1314, namely the partial word

“nitialization” being displayed, as in FIG. 18A.

[00207] As can be deduced from the above, the use of at least word-level semantic
handwriting recognitioh improves the user experience of the present system and method,

however character-level approaches may also provide satisfactory results.

[00208] As described earlier, the journal can be shared via the network 12 with more devices
100. Upon receiving the journal, the document management system 112 local to such other
devicés 100 renders the digital ink fepresénted by the messages of the journal so that the

- document is reproduced on those devices 100. For example, FIG. 18A shows the shared
document as represented by the documents D, and Dg at the first and second devices 100 based
on the example of FIG. 17, which has been communicated to a (third) device 100 via either or

both of the links 304 and 306 of the ne_twork 12.
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[00209]  For example, the user of the third device 100 may have launched a document editing
application on the device 100 and opened the document from a file directory or the like to which
the device is connected via the network 12. In.response, the document management system 112
of this third device reads the journal Ja of the shared documént Da and/or the journal Jg of the |
shared document Dg to construct its own document journal Jc to build a document Dc, as shown
in FIGS. 18B to 18D. That is, the journal Jc is generated to iﬁclude a chain of messageé 1800 to
1844 with associated message and parent IDs and type and content information corresponding to
fhe respective messages of the shared journal Ja and/or Jg that corresponds to the longest path
' thrdugh the 1hessage branches, such that the re-built journal does not contain any branches (until
possible further indirect or direct conflict interaction input). As such, it can be seen that
mességes having the salﬁe parent ID which could otherwise cause conflicts in the building and
re-building of the shared document are reconciled by only following the chain(s) having the

earliest message ID in time-order.

[00210] Accordingly, from the journal J¢, the document Dc is displayed on the display and
input area 300 associated with the third device 100 to include the rendered digital ink 400 to
1702 which remains in the latest (current) version of the shared document, as provided by the

message content of the shared journal(s) Ja and/or Jg.

[00211]  FIG. 19 illustrates the result of an example typesetting operation on the document Dc.
That is, FIG. 19A shows the document D¢ upon a subsequent input té- typeset the digital ink of
the document Dc. Such an operation may involve the user performing a single-point or multi-
point gesture, e.g., by a tap or double tap, somewhere on the user interface 104 of the third
device 100 or through selection of menu or the like of the UL The document management system
112 and/or the HWR syétem 114, is configured to recognize such a typeset command and to
cause conversion of the digital ink into corresponding typeset ink, as shown in FIG. 19A. For
example, this may be achieved as described in the afore-incorporated by reference United States

- Patent Application No. 14/955,155.

[00212]  As a result, the journal Jc is updated to include a subsequent message 1846, which is
the twenty-fourth (subsequent) message of _the.‘ Jjournal, corresponding to the typeéetting of all the

digital ink. The message 1846 is generated to contain a message ID portion C24, a parent ID |
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portion A23, a type portion “typeset”, and a modification data portion specific for the typeset

modification. -

[00213]  For the ‘typeset’ modification type, the modification data includes the content input
that is being typeset. The content that is being typeset includes the identification of the ‘stroke’
data of that content. Accordingly, each actor recefvihg joumal messages from other actors
receives the identity of the strokes of the raw (and. digital ink) that are being acted upon in the
modification data. As such, the document management system 112 of the receiving actor(s) is
able to re-render the corresponding displayed ink in their version of the shared document (in this
typeset case, omitting that digital ink) and iﬁteraCtion with the rendered digital ink is

substantially immediately possible, since they are ink objects, or digital objects.

[00214]  Alternatively, or additionally, the ‘types.et’ modification data portion may include

| only the relative stroke coordinateé which represent the raw ink of the typeset gesture. In such an
alternative example the document management system 112 and/or HWR system 114 of each
device 100 is required to recognition process the data portion of each message of a document

-journal when the messages are shared.

[00215]  Further, the ‘typeset’ modification data portion may also include the message 1D (and
parent lD) of the ‘stroke’ type message originally associated with the strokes being typeset. In
this way, links between the messages that modify other messages of the resultiﬂg journal can be

deduced, which may assist in the detection of errors, for example.

[00216] The described modification data are examples and are non-exhaustive, such that it is
- understood- that other or moré data typesv (formats) can be provided in the document journal
messages. In any case, as before, the ‘stroke’ data of the modification data may act as data to

identify the strokes, e.g., one or more stroke IDs.

[00217] In the illustrated example, for the typeset message of jovurnal Jc the content input that
is being typeset is désignated in the modification data portion of the message 1846 by “400”, |
“7007, <8007, “9007, “10007, “1100”, “13007, “1302”, “1306”, “1308™, “1310™, “1312”, “15007,
“1502”, “1600” and “1702” being the raw and recognized covntent respectively represented by the
digitalv ink 400, 700, 800, 900, 1000, 1100, 1300, 1302, 1306, 1308, 1310, 1312,'1500, 1502,
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1600 and 1702 being type.sét, as shown in FIG 19B. As described earlier, the modification data
portion of the message 1846 may also include the message IDs A1, A2, A3, A4, AS; A6, A8, A9,
"All, B12, B13, B14, A16, B17, A19 and B22 and parent IDs “null;’, Al, A2, A3, A4, AS, B7,
AS, AIO, All1,B12,B13, B15, A16, A18 and B21, respectively, of the messages of the journal
Je associated with the content 400, 700, 800, 900, 1000, 1100, 1300, 1302, 1306, 1308, 13 10,
1312, 1500, 1502, 1600 and 1702.

[00218] In a situation where all of the documents Da, Dg and Dc are open for editing or
display by the respective ﬁfét, second and'_thirdractors, and the devices 100 are éonnected by the
links 302, 304 and 306 of the network 12, the update of the journal Jc is communicated to the
other actors. Accordingly, the renderings of the documents DA and Dg are updated to include the
typesetting of all digital ink, as shown in FIG. 19B, based on updates to the respective journals

Ja and Jg to include a new message reflecting the shared méssage 1846 of the journal Jc.

[00219] Like the resize operation described earlier, the typeset operation may also be handled
by the present syéte1ﬁ and method as a two step operation, haying'a first step of erasing, or '

~ otherwise removing from display, the strokes associated with the displayed digital ink and a
second step of adding the rémoved digital ink rendered as typeset ink. In cither case, the resulting
display is the same. Further, the reverse operation of “untypeset” may be configured as either of

these operations.

[00220]  As described earlier, other modiﬁcation operations are also handled by the present |
system and method. In each of these cases the generated messages include thé message and
pareﬁt IDs, and associated modification type and date portions. For example, for the ‘move’ _
modification type, the modification data includes reference to the strokes (e.g., content) being
moved, and the extent of horizontal (e.g., x) and vertical (e.g., y) movement, for the ‘style’
modification type, the modification data includes reference to the strokes (e.g., content) being
styled, and the style being applied, e.g., underline, bold, etc., and for the ‘show; modification
type, the modification includes a parameter of the content to show, such as popup parameter

~ (e.g., recognition céndidates) or a URL, an ID of _the popup (so that it may be displayed with a
particular style and selected for hiding with the reverse ‘hide’ commend, and the horizontal (e.g.,

x) and vertical (e.g., y) for display of the popup, for example. The application of these operations
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is through single- or multi-point gestures, menu selection, etc., similar to the manners discussed

earlier for other command-type operations.

[00221]  The operations of undo and redo are similarly applied through ‘single— or multi-point
gestures, menu selection, etc. The modification data for the messages asso'ciated with undo and
redo may simply include the message ID of the message or block to which the undo or rede -
opefatior; pertains. This message ID is basically the parent ID which is iﬁcrelnentally rolled

backward upon multiple undo’s and repeated for multiple redo’s.

[002221 In the illustrated examples, the message IDs are provided as an incremental number,
e.g., 1,2, 3, etc., appended to a user or actor ID, e.g., A B or C. This is merely an example
however, and only numbers (or other incremental elements, as described earlier) may be
provided without identification of the user/actor which initially generated the meséage. However,
by using the actor or author ID, it is possible to trace which member of a collaborative team
made which modifications, for example, and to provide user editing privileges at the message

level.

'100223] - For example, the present system and method may be applied to an application in
which one or more rhembers of a collaborative team is required to have editing privileges that are
greater than those of other member(s).. Such an application is in education, where a teacher may
be provided with the ability to edit the input of students, but the students are not provided with
the ability to edit the input of the teacher. Another application is in document review, where a
-mediator is provided with greater editing abilities than the reviewers. These applications are

merely examples and are non-exhaustive.

[00224] In such applications, the actor IDs can be pre-defined to each document management
system of the relevant actors, e.g.; in the associated memory 108 of the devices 100, with editing
privileges over certain modification types, for example. As such, when building the respective
Jjournals using messages from their own and each other’s joufnals, the document management
systems apply or ignore certain actions taken by the actors when building the.'respective

documents.
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[00225]  The document sharing model of the present system and method provides an efficient
way of sharing handwritten ink and related content in real-time between different actors. In this
model modification or editing information is stored in relatively small messages which can be
generated without any synchronization mechanisms or centralized content handling. As such a
shared document is managed as a series of modifications made by one or more different users on
one or more peeero-peer connected input devices, particularly handwritten modifications
captured as digital ink and/or gestures by the devices. Each modification is stored in a journal
entry with at least an identification, a type and information on the content of the modification.
The content is a stroke, typeset. content, extra-content or stroke .nianipulation, such as erase,

move, style, resize.

[00226] Incremental versions of an ink document are therefore managed in a simple and
accurate manner. Accuraéy is enhanced to maintain control over the integrity of the ink
ddcument, by employing a model which defines conflicting rhodiﬁcations in a tree structure of
the series of journal entries and auto-correcting to append entries that are not in the longesf path
- of'the journal. This resolves the journal tree into a single path for all actors with each entry

linked to its parent.

[00227]  While the foregoing has described what is considered to be the best mode and/or
other examples, it is understood that various modifications may be made therein and that the
subject matter disclosed herein may be implemented in various forms and examples, and. that
they may be applied in numerous other applications, combinations, and environments, only some
of which have been described herein. Those of ordinary skill in that art will recognize that the
disclosed aspects may be altered or amended without departing from the true spirit and scope of
the subject matter. Therefofe, the sﬁbject matter is ‘not limited to the specific details, exhibits,

and illustrated examples in this descriptioh. It is intended to protect any and all modifications and

variations that fall within the true scope of the advantageous concepts disclosed herein.
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"System And Method or Collaporauve INk wiaiiage:iis: i

Our Ref.: M B8754W0 - hb/ jsa
CLAIMS
We claim: ' |
1. A system for managing collaboration oh documents having digital ink on a network of

‘computing devices, each computing device comprising a processor and at least one non-
transitory computer readable medium for processing handwriting input under control of the
processor, each at least one non-’trahsitory computer readable medium configured to:

cause display, on a display associated with the respective computing device, of a
~ document ha\}ing digital ink based on a journal of the document;

define the journal to have a plurality of journal entries associated with at least
handwriting input to the document represented by the digital ink; and ‘ ‘

communicate, via the netwofk, one or more of the journal entries.of the journal with one
or more of the other computing devices displaying the document,

wherein the handwriting input associated with the Jjournal entries is handwriting input to
the document via the input interface of any of the computing devices displéying the document |

based on the communicated one or more journal entries.

2. A system according to claim 1, wherein each journal entry is defined to include
identification information identifying at least that journal entry and content information on at

least the handwriting input associated with that journal entry.

3. A system accordingvto claim 2, wherein the journal is defined so that links between the

Journal entries are formed based on the identification information of each journal entry.

4. A system according to claim 3, each at least one non- tran51tory computer readable
medium configured to define the identification information based at least on time 1nformat1on on
a time of the handwriting input of the respective content information,

wherein each journal entry, after the initial jourﬁal entry of the journal, is linked to one
jbumal entry having time information in a time-order before the time information of that journal

entry.
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5. A system according to claim 4, wherein the at least one non-transitory computer readable
medium of a first computing device is conﬁgured to: '
branch the journal into two or more branched journal entries linked to one journal entry
having time information in a time-order before the time information of the branched journal
entries when:
the branched journal entries have content information on handwriting input to the
input interface of more than one of the computing devices, including the first computing
device, with respect to at least a portion of the same digital ink of the document and
the time information of the branched journal entry having the content information
on the handwriting input to a first input interface associated with the first computing
device has a time-order after the time information of at least. one of the one or more other

_branched journal entries.

6. A system according to claim 5, wherein the at least one non-transitory computer readable
medium of the first computing device is configured to:

link a copy of the branched journal entry having the content information on the

handwriting input to the first input interface to a branched journal entry having time information

in a time-order immediately before the time order of the copied branched journal entry.

7. A method for managing collaboration on documents having digital ink on a network of
computing devices, each computing device comprising a processor and at least one non-
transitory computer readable medium for processing handwriting input under control of the
processor, the method comprising: = - '

[displaying, on a display associated with one of the computing devices, a document having
digital ink based on a journal of the document; - |

defining the journal to have a plurality of journal entries associated With at least
handwriting input to the document represented by the digital ink; and »

communicating, via the network, one or more of the journal entries of the journal with

one or more of the other computing devices displaymg the document,
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wherein the handwriting input associated with the journal entries is handwriting input to
the document via the input interface of any of the computing devices displaying the document

based on the communicated one or more journal entries.

8. A method according to claim 7, wherein each journal entry is defined to include
identification information identifying at least that journal entry and content information on at

least the handwriting input associated with that journal entry.

9. A method according to claim 8, wherein the journal is defined so that links between the

journal entries are formed based on the‘identiﬁcatidn information of each journal entry.

10. A method according to claim 9, comprising:
defining the identification information based at least-on time information-on a time of the
handwriting input of the respective contént information, |
. wherein each journal entry, after the initial journal entry of the journal, is linked to one
journal entry having time information in a time-order before the time information of that journal .

‘entry.

11. A method according to claim 10, comprising, at the at least one non-transitory computer
readable medium of a first computing device: |
branching the journal into two or more branched journal entries linked to one joufnal
entry having time information in a time-order before the time information of the branched
jourhal entries when:
the branched jourhal entries have content information on handwriting input to the
input interface of more than one of the computing devices, including the first computing
device, with respect to at least a portion of the same digital in_k. of the document; and
the time information of the branched journal entry having thé content information
on the handwriting input to a first input interface associated with the first computing.
device has a time-order after the time information of at least one of the one or more other -

branched journal entries.
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12. A method according to claim 11, comprising, at the at least one non-transitory .computer
readable medium of the first computing device:

linking a copy of the branched journal entry having the content information on the
handwriting input to the first input interface to a brénched journal entry having time information

in a time-order immediately before the time order of the copied branched journal entry.

13. A non-transitory computer readable medium having a computer readable program code
embodied _fherein, said computer readable program code adapted to be executed to implement a
method for managing collaboration on documents having digital ink on a network of computing
devices, each computing dev1ce comprlslng a processor and at least one non-transitory computer
readable medium for processing handwrltmg input under control of the processor, the method
comprising:

displaying, on a display aésociated with one of the computing devices, a document héving
digital ink based on a journal of the document;

| defining the journal to have a plurality of journal entries associated with at least

handwriting input to the document represented by the digital ink; and

communicating, via the network, one or more of the journal entries of the Joumal with
one or more of the other computing devices displaying the document,

Wherein the handwriting input associated with the journal entries is handwriting input to
the document via the input interface of any of the computing devices displaying the document

based on the communicated one or more journal entries.

14. A non-transitory computer readable medium according to claim 13, wherein each journal
entry is defined to include identification information identifying at least that journal entry and

content information on at least the handwriting input associated with that journal entry.
15. A non-transitory computer readable medium according to claim 14, wherein the journal is

defined so that links between the: journal entries are formed based on the identification

information of each journal entry.
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16. A non-transitory computer readable medium according to claim 15, the. method
comprising: |

‘defining the identification information based at least on time information on a time of the
handwriting input of the respec"tive content information,

wherein each journal entry, after the initial journal entry of the journal, is linked to one

journal entry having time information in a time-order before the time information of that journal

entry.

17. A non-transitory computer readable medium according to- claim 16, the method
compriéing, at a first computing device: -
branching the journal into two or moré brénched journal entries linked to one journal
entry having time information in a time-order before the time information of the branched
journal entries when: - _ | : ' '
the branched journal entries have content information on handwriting input to the
input interface of more than one of the computing devices, including the first computing
device, with respect to at least a por‘[ion'of the same digital ink of the document; and
| the time information of the branched j(_)umalr entry having the content information
on the handwriting input to a first input intérface_associated with the first computing
device has a time-order after the time information of at least one of the one or more other

branched journal entries.

18. A non-transitory .computer readable medium according to claim 17, the method
comprising, at the first computing device:

linking a copy of the branched journal entry having the content information on the
handwriting input to the first input interface to a branched journal entry having time information

in a time-order immediately before the time order of the copied branched journal enfry.
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