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Train a multi - script handwriting recognition model based on spatially - derived features of a multi 
script training corpus , the multi - script training corpus including respective handwriting samples 

corresponding to characters of at least three non - overlapping scripts 702 
mous connu comme anno comune comme mese married ma n normes nomen mense women noe ammen med min more common 

1 The spatially - derived features of the multi - script training corpus are stroke - order 
independent and stroke - direction independent 704 
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and Latin script 708 
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The multi - script handwriting recognition model has at least thirty thousand output classes , 
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Provide the handwriting samples of the multi - script training corpus to a single 

convolutional neural network having a single input plane and a single output plane 712 * + + 
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gewo war wy wens were may r wer won on www en we were more are more we have a war war 

KXXX 
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Determine , using the convolutional neural network , the spatially - derived features of the 
handwriting samples and respective weights for the spatially - derived features for 

differentiating characters of the at least three non - overlapping scripts represented in the 
multi - script training corpus 714 
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multi - script training corpus 716 
proses mens moet nem menom a empren mee om te maken men om mee e mam * 

* * * WAKAMAIKEAAKAKKAAKAKAKEXAKEAKIKEKAKKAKEUKERAREALER K * wwwwwwwwwwwwwwww 
Provide the multi - script handwriting recognition model to a user device , wherein the user 

device receives a plurality of handwritten strokes from the user , and locally performs 
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A 

Receive a multi - script handwriting recognition model , the multi - script recognition model having 
been trained on spatially - derived features of a multi - script training corpus , the multi - script 

training corpus including respective handwriting samples corresponding to characters of at least 
three non - overlapping scripts 902 

porn wwe smo mos nossa e mon man mer norms as we mens man now we are no more rosso ma w sos mom w mise en oes 
| The multi - script handwriting recognition model is a single convolutional neural network 
I having a single input plane and a single output plane , and includes spatially - derived 
I features and respective weights for the spatially - derived features for differentiating 
1 characters of the at least three non - overlapping scripts represented in the multi - script 

training corpus 904 
Inw www www www mann mw mw mom mom www www mom an mw www mw mo maw mom mom www www www ww mw mm manna 
mwa maana aman am mow www muna mom ww mw mann manne wow mon man warna muna mom mom mom man rasmo mow mow man mana masa anoma 

The multi - script handwriting recognition model is configured to recognize characters 
based on respective input images of one or more recognition units identified in the 

I handwriting input , and wherein respective spatially - derived features used for recognition 
are independent of respective stroke order , stroke direction , and continuity of strokes in ! 

the handwriting input 906 
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w OOOOOOOOOOOOOOOOOOOOOOOO X 
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+ + 12 

Man har WY W w w w w w ma na W7 W ar w ww www ww w w w w w 
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Receive a handwriting input from a user , the handwriting input comprising one or more 
handwritten strokes provided on a touch - sensitive surface coupled to the user device 908 

In response to receiving the handwriting input , provide in real - time one or more handwriting 
recognition results to the user based on the multi - script handwriting recognition model that has 

been trained on the spatially - derived features of the multi - script training corpus 910 
ang 

MENU 
pour annan annan som annen nemen enana maneno mana menn menn ann annen annen annen sanan muna wanne minner mer enn anna annan annen mens sense mannen annan 
Segment the user ' s handwriting input into one or more recognition units , each recognition 

unit comprising one or more of the handwritten strokes provided by the user 912 
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Provide a respective image of each of the one or more recognition units as an input to the 
multi - script handwriting recognition model 914 
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For at least one of the one or more recognition units , obtain from the multi - script i 

handwriting recognition model , at least a first output character from a first script , and at i 
least a second output character from a second script different from the first script 916 - 

e man w as my owwe one we w e re now by no more mom any we weer en mass wenn man 
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want a BA SA WA W SO I WA KUKU WA WI WA WA * * WAO www war www www www wwwx www ww www auw very ?am Display both the first output character and the second output character in a candidate 
i display area of a handwriting input user interface of the user device 918 
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for www man 

pse m e move on ne me me me more was a won were more non son mom n son som en mann som en mn nog 
Selectively display one of the first output character and the second output character based 
on which one of the first and second scripts is a respective script used in a soft keyboard 

currently installed on the user device 920 
ww www w 

w w w w w w w w w w w w w w w w w w w w w w w w 

* pows 

1 
* we were we w zaw r ama za wc am - - * * * * 
Continuously revise one or more recognition results for the user ' s handwriting input in 
response to continued additions to or revisions of the handwriting input by the user 922 TaoTTATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATOTODATO x 20 W 02 0 0 12 0 0 0 20 CM 200 4400 40 0 . 4 0 0 2014 GAD S 2004 2004 
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in response to each revision of the one or more recognition results , display the respective 

revised one or more recognition results to the user in a candidate display area of the 
handwriting input user interface 924 
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The multi - script handwriting recognition model has at least thirty thousand output classes , 
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1000 manat 

Receive a plurality of handwritten strokes from a user , the plurality of handwritten strokes 
corresponding to at least one handwritten character 1002 

Generate an input image based on the plurality of handwritten strokes 1004 
. . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - - . 

Provide the input image to a handwriting recognition model to perform real - time recognition of 
the handwritten character , wherein the handwriting recognition model provides stroke - order 

independent handwriting recognition 1006 

Display in real - time of receiving the plurality of handwritten strokes , an identical first output 
character irrespective of a respective order by which the plurality of handwritten strokes have 

been received from the user 1008 
+ + + + + m . wm . w . m m 20 m m 300 m m m . m m . m m . m . nu + + + + + + + o 

SHAX Stroke - order independent handwriting recognition is performed independent of temporal 
information associated with individual strokes within the handwritten character 1010 * www 

MET Ennen mensen menn winnan mann menn munan anns namn annen annan men annen annne mannen annen manne menna manen anne mannen woners enne mannen nemen wanne mannen som 

www www www www www www www www www ww www www ww www www www www www am van www www www www www case was 

MAR www * * * 

D 

The handwriting recognition model provides stroke - direction independent handwriting 
I recognition , and displaying the identical first output character further includes displaying in 

response to receiving the plurality of handwritten strokes , the identical first output 
1 character irrespective of a respective stroke direction by which each of the plurality of 

handwritten strokes have been provided by the user 1012 B 

www www 
in mo muna mm mm mm mm mm mm mm mm mm mm mm ww www mowa w mom ww ww www mm ww www mm ww www 

com on 0 ST on as one on ons doe n ook een maniera con como os con un monde non sono soube non sono sono 
The handwriting recognition model provides stroke - count independent handwriting 

recognition , and wherein displaying the identical first output character further comprises 
displaying in response to receiving the plurality of handwritten strokes , the identical first 

output character irrespective of how many handwritten strokes are used to form a 
continuous stroke in the input image 1014 

* * www www 
w 

w x * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * W ROK 

VYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY PXEYYYYYTYTYYYYYYYYYYY awamamman 

Figure 10A 



U . S . Patent Apr . 3 , 2018 Sheet 12 of 92 US 9 , 934 , 430 B2 

wwwww ?? ?? ? ?? ?? ???? ???? ???? ? ? ? ? ? ? ?? ???? ?? ?? ? ???? ??? ??? ? ?? ?? ?? ? ??? ????? 

Receive a second plurality of handwritten strokes from the user , the second plurality of 
handwritten strokes corresponding to a second handwritten character 1016 

X X anima me X - X come an XI - XX www com man - wenn maut 

won w 

wwww w 

www www ww www www mm ww www mm ww www www ww won man wm ww wwwwwwwwwwwwwwwwwwww www mm ww www mm 

Generate a second input image based on the second plurality of handwritten strokes 1018 
ww www www www com www ww www www www www more www www www www ww www www movie www www ww ww ww www www maut aut www 

con * 

* 

* K anun vese van een commun - S ann che vanno cred ca m am cum anna sees omww ww - aww amaw man av ante 
Provide the second input image to the handwriting recognition model to perform real - time 

recognition of the second handwritten character 1020 
- . L D CHE E + + + + + + + + + + + + + + + + + + + + + OP EE + + + + + + + + + + + + + + + + + + KKK * * * * * * * * * * * * * * * . . KREE W 12 m 

gor soos moon moness www me sono come more or so mu o nosso moon roses mense wat sms nos nosos mon some wa y www 

www 
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SKK 
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W 

w 

Display in real - time of receiving the second plurality of handwritten strokes , a second output 
character corresponding to the second plurality of handwritten strokes , wherein the first output 
character and the second output character are concurrently displayed in a spatial sequence 
independent of a respective order by which the first plurality of handwriting inputs and the 

second plurality of handwriting inputs have been provided by the user 1022 
TE KO UK . I com que o KO K . . . co m o s eu CE KEER U KUN 

The spatial sequence of the first output character and the second output character 
corresponds to a spatial distribution of the first plurality of handwritten strokes and the 

1 second plurality of strokes along a default writing direction of a handwriting input interface ! 
of the user device 1024 

kun mu muwe mm mm mm mm mm mm mm mm mm www ww mm mm mme www www www www mm mm mm mm mm mm mm 
man maan annan wann www mm mm mmm manna annan munna manne www mm mm mm manna nannn man aun ww www mann annan mann manne amun www 
The second plurality of handwritten strokes are received temporally after the first plurality 

of handwritten strokes , and the second output character precedes the first output 
character in a spatial sequence along a default writing direction of a handwriting input 

interface of the user device 1026 
- - - - - - - - - - - - - - - - - - - - - - - - - 
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The second plurality of handwritten strokes spatially follow the first plurality of handwritten i 
strokes along a default writing direction of a handwriting input interface of the user device , and i 
the second output character follows the first output character in a spatial sequence along the 

default writing direction 1028 
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S EKRETARIA DE COMEDOR ZOBU IK DENK IK A KIKE PERDIDO DE KOM KAN BOX 
Receive a third handwritten stroke from the user to revise the handwritten character , the third i 

handwritten stroke being received temporally after the first and the second plurality of 
handwritten strokes 1030 

km * * * - - - * - - - m - m man pou m m m m m m - m 2 
1000 

e 

w w w w www won www www www www mw a wom www www www 
. 

Sur ce au 

www www mm ww www www www www w 

In response to receiving the third handwritten stroke , assign the handwritten stroke to a same 
i recognition unit as the first plurality of handwritten strokes based on relative proximity of the 

third handwritten stroke to the first plurality of handwritten strokes 1032 
. 

. 

. 

W W L A A w w w w w A . PR . W w w w w w w w w we 

owner mann mom mine sees on annet enn mens manne mannen sommer wenn man man who w e mannen annen met mense wana manen wanne w a nne was maneno marino 
2 Generate a revised input image based on the first plurality of handwritten strokes and the third 

handwritten stroke 1034 YARAK 

Sonne som er den som anses som en com p os - m oon comes como sobre com co co * 

. Que vek - 200 . 00 04 0 , QUOD . 001 0000 00000 400 o DE - 1 w Kan en com m un www com a su como 
Provide the revised input image to the handwriting recognition model to perfom real - time 

recognition of the revised handwritten character 1036 
ER 

00 

www www mwa mom www mowa wana wam woon www ww www www mw wow grown mom www www www ww ww ww www www www mm www www wat 

what we wis www ss man w a s man ners who wer w w w w w when we were we w w w w what was nama mo 
EX 

inom 
W W 

tonno 

Display in response to receiving the third handwriting input , a third output character 
corresponding to the revised input image , wherein the third output character replaces the first 
output character and is concurrently displayed with the second output character in the spatial 

sequence along the default writing direction 1040 
hom a www . mom mom www ww mm mm mm mm mm mm mm mm mm mm mm mm mm mom mom mom mw mom mom ww www mom and 

000 ALE 

???? ????? ????? ????? ???? ????? ???? ???? ????? ???? ????? ???? SANKI ANNA JEANN AN IKKE KUNNANKANG NEW KINKE XNK INKANN ARANK ON JUURN AKO MAKE 

2 MAR PURE Render in real - time the first plurality of handwritten strokes , the second plurality of handwritten strokes , and the third handwritten stroke in the handwriting input area of the handwriting input 
interface as each of said handwritten stroke is provided by the user 1042 
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EX 
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LANK ZRAKA WARRAKER KAREN REN REKK HAR IKKE KARKK KKK ERAKOKK K K KEX ARRUKAR KRAKKARAR KERAMIK KE MIKAAKE KARKK SAAR 
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w w w w w w www w ww www www mom wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww www ww www www www mong 
In response to receiving a deletion input , delete a respective rendering of the second plurality of 
handwritten strokes from the handwriting input area , while maintaining respective renderings of 
the first plurality of handwritten strokes and the third handwritten stroke in the handwriting input 

area 1044 
con o sono come one on one comme comes more common sense comme 
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2400 

Receive a first handwriting input from a user , the first handwriting input comprising a plurality of 
handwritten strokes , and the plurality of handwritten strokes forming multiple recognition units 
distributed along a respective writing direction associated with a handwriting input area of a 

handwriting input interface 2402 

Render each of the plurality of handwritten strokes in the handwriting input area as the 
handwritten stroke is provided by the user 2404 

?????????? ?????????? ???????? KALKKAKAKKAKAKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

Start a respective lading process for each of the multiple recognition units after the recognition 
unit is completely rendered , wherein during the respective fading process , the rendering of the 

recognition unit in the first handwriting input fades 2406 

1 

+ 1 + + 

+ + 
Receive a second handwriting input from the user over a region of the handwriting input area 

occupied by a faded recognition unit of the multiple recognition unit 2408 + + 

+ + 

+ + 

+ + 

WV ??????????????????? ? ????? 

+ 1 In response to receiving the second handwriting input : 2410 + 1 

+ 1 + + 

T + + + + + WYD + + * + + * wome DO EXO 1 + 1 + 1 0000 + 1 + 1R + O * + + E + 9 Y Y Y 
+ + 

+ + Render the second handwriting input in the handwriting input area * 
+ + 

+ + 

+ + www www w 1 1 w w w w w ww ww w w www www www www w w w w w wa 18 i 15 + 1 

+ 1 

1 1 

1 1 

1 1 II 1 1 

+ 1 

1 1 + 1 

+ 1 

W nas ne samo ne sme sa SITE S * * www 
Clear all faded recognition units from the handwriting input area 2414 

- - - - - - - - - - - - - - - - - - - 
+ 1 

+ 1 + + pa 
1 1 

+ + 

+ + 

w mom wann mann man mo man mann minn war won awam mm www www war an m wen ann ann mom mom annan mann man man and many 

we will make 
Generate one or more recognition results for the first handwriting input 2416 1 

= = = = = = = = = = = = = = = = = = = = = = = = = = = 
www www www many 

Display the one or more recognition results in a candidate display area of the handwriting input 
interface 2418 

1 Il 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww www ww www w www www 

wwwwwwwwwwwwwwwwwwwwwwwwwwwwww wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 

comatically without user selection w o po co e com o RE S econdo me kon e ka 
In response to receiving the second handwriting input , automatically , without user selection , 
enter a top - ranked recognition result displayed in the candidate display area into a text input 

area of the handwriting input interface 2420 

? 
L90 000 
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Figure 24A 



U . S . Patent Apr . 3 , 2018 Sheet 88 of 92 US 9 , 934 , 430 B2 

con i com o caso con mens se sont comme med os som en ons sex mom son sex porno r o 

1 Store an input stack comprising the first handwriting input and the second handwriting input 
2422 

??? ? ?? ? ?? ? ? ? ? ? ? ? w e w w w w w w w w w w w w w 

om a < < m d m dan cam - - Z - o - * - com o con carne more mon me won ma semang 
Generate one or more multi - character recognition results each comprising a respective spatial 
sequence of characters recognized from a concatenation of the first handwriting input and the 

second handwriting input 2424 
v 

PU 

wwww www ww www www www ww www www www www www www ww www www www ww www www www www www www www www www www www 

w 

w 

UN CORREU CU U U U U U U U U U 
Display the one or more multi - character recognition results in a candidate display area of the 
handwriting input interface , while the rendering of the second handwriting input has replaced 

the rendering of the first handwriting input in the handwriting input area 2426 000 
KAN www 

0 

. . . 
" 

. . . . . . . . . . . . . . . . . . . . . . 
After a last recognition unit in the first handwriting input has become faded , receive a 

predetermined revival input from the user 2428 
* * 

mod 

more woma word w 

ww www www wom ww www ma wm wwwwwwwwwwwwwwwww m wamy wwwwwwwwwwww www naam ww ww www ww www www www WAMM WW 

WWWWWWWWWW WWWW mom www w wwwww en voor ons we cewe 

I in response to receiving the predetermined revival input , revert the last recognition unit from the 
faded state to an un - faded state 2430 Brinox 

_ * * - * - W W W X HET ID + + + - IEU CIE * SEE DI DI LEIP ELSE - 

Figure 24B 
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2500 - 

000 

MOTODIIT WARAKAWANPOWwwwwwwwwwwww 
Separately train a set of spatially - derived features and a set of temporally - derived 

features of a handwriting recognition model , wherein : 
the set of spatially - derived features are trained on a corpus of training images 

each being an image of a handwriting sample for a respective character of an output character 
set , and 

the set of temporally - derived features are trained on a corpus of stroke 
distribution profiles , each stroke - distribution profile numerically characterizing a spatial 
distribution of a plurality of strokes in a handwriting sample for a respective character of the 
output character set 2502 

DOO 

. 

V 

pune su www www www ww wow WA woon woww w W ww www 
KKK 

KOK 
* * 

K OOOOOOOOOOOOOOOOOOO Wowwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww * * * * 

O 

1 separately training the set of spatially - derived features further includes training a 
convolutional neural network having an input layer , an output layer , and a plurality of 
convolutional layers including a first convolutional layer , a last convolutional layer , zero or 

| more intermediate convolutional layers between the first convolutional layer and the last 
Iconvolutional layer , and a hidden layer between the last convolutional layer and the output 
I layer 2504 
som mom * com os mes comme money we won om m 
como come com o como come - - - - - - Como . com 

Separately training the set of temporally - derived features further includes 
providing the plurality of stroke - distribution profiles to a statistical model to determine a 

I plurality of temporally - derived parameters and respective weights for the plurality of 
temporally - derived parameters for classifying the respective characters of the output 

I character set 2506 
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Combine the set of spatially - derived features and the set of temporally - derived features in the 
handwriting recognition model 2508 

200000 
* * * * * . . . * * * * * * * * * * . * . * - * * * * * * * * * * * 

+ 1 

0 

+ + + + KAKAKKUwwwwwwwwwwwwwwwwwwwww Combining the set of spatially - derived features and the set of temporally - derived features I 
in the handwriting recognition model includes injecting the plurality of spatially - derived 

parameters and the plurality of temporally - derived parameters into one of the 
convolutional layers or the hidden layer of the convolutional neural network 2510 

12 
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Provide real - time handwriting recognition for a user ' s handwriting input using the handwriting 

recognition model 2512 we 
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Figure 25A 
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11 Each of the plurality of handwriting samples corresponds to a character in the output 
Il character set and separately preserves respective spatial information for each constituent 

Stroke of the handwriting sample as it was written 2516 
Lene VENE K E AND COME IL NE SO REBRE EN WERK EN GRAN SHU BOL NEW NEW N EW N K SREY WO 

+ 

10000 
+ + + 

won 
30 

+ 

ne mens won + + 

ype mans wann wenn winne man who wern wine mense on menn wenn man mann man ne mens man www am mers wanne mon and more on non Per 
+ + + 

box cox Generating the corpus of stroke - distribution profiles further includes : 2518 poc 
+ 

+ 

000 
+ + + 

o 
+ + 

* * 

oo 
21 - 
1 

ww w 

mnom mw mow mom mom ww mom www mor www moon www www mm mm mwa mnan mom mom wwe manan www ww www 

For each of the plurality of handwriting samples : 2520 
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For each of the identified strokes of the handwriting sample , 

calculate a respective occupancy ratio along each of a plurality of 
I predetermined directions , occupancy ratio being a ratio between a projected 
span of said each stroke direction and a maximum projected span of said 
writing sample 2524 
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For each of the identified strokes of the handwriting sample , 
I calculate a respective saturation ratio for said each stroke based on a ratio 
between a respective number of pixels within said each stroke and an overall 
number of pixels within said writing sample 2526 

harm www man awam anam ww mwen aan uw www mwen an mwen mw mnun www www mwa wanaw www mwa ww wanne w 
sva vous awa warin muret var nova varne teme vone sima corn wwe want savo von wwe vous sera vores www woun nuwe wong 
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MULTI - SCRIPT HANDWRITING is a daunting task that is not lightly undertaken by suppliers 
RECOGNITION USING A UNIVERSAL of the software and devices . As a result , users of many 

RECOGNIZER languages are deprived of an important alternative input 
method for their electronic devices . 

RELATED APPLICATIONS Conventional user interfaces for providing handwriting 
input include an area for accepting handwriting input from 

This application is a continuation of U . S . patent applica the user and an area for displaying handwriting recognition 
tion Ser . No . 14 / 291 , 865 , filed May 30 , 2014 , which claims results . On portable devices having a small form factor , 
priority to U . S . Provisional Patent Application No . 61 / 832 , significant improvement of the user interface is still required 
942 , filed Jun . 9 , 2013 . The content of these applications is 10 to improve the efficiency , accuracy , and user experience in 
hereby incorporated by reference in their entirety . general . 

FIELD OF THE INVENTION SUMMARY 

This specification relates to providing handwriting input 15 This specification describes a technique for providing 
functionality on a computing device , and more specifically , multi - script handwriting recognition using a universal rec 
to providing real - time , multi - script , stroke - order indepen ognizer . The universal recognizer is trained using a large 
dent handwriting recognition and input functionality on a multi - script corpus of writing samples for characters in 
computing device . different languages and scripts . The training of the universal 

20 recognizer is language - independent , script - independent , 
BACKGROUND stroke - order independent , and stroke - direction independent . 

Thus , the same recognizer is capable of recognizing mixed 
A handwriting input method is an important alternative language , mixed - script handwriting input without requiring 

input method for computing devices that are equipped with manual switching between input languages during use . In 
touch - sensitive surfaces ( e . g . , touch - sensitive display 25 addition , the universal recognizer is lightweight enough to 
screens , or touch - pads ) . Many users , particularly users in be deployed as a standalone module on mobile devices to 
some Asian or Arab countries , are accustomed to writing in enable handwriting input in different languages and scripts 
a cursive style , and may feel comfortable writing in long - used in different regions worldwide . 
hand as opposed to typing on a keyboard . In addition , because the universal recognizer is trained on 

For certain logographic writing systems , such as Hanzi 30 spatially - derived features which are stroke - order indepen 
and Kanji ( also referred to as Chinese characters ) , even dent and stroke - direction independent , and require no tem 
though alternative syllabic input methods ( e . g . , Pinyin or p oral or sequence information at the stroke - level , the uni 
Kana ) are available to enter characters of the corresponding versal recognizer provides numerous additional features and 
logographic writing systems , such syllabic input methods advantages over conventional temporally - based recognition 
are inadequate when the user does not know how to pho - 35 methods ( e . g . , recognition methods based on the Hidden 
netically spell a logographic character , and uses an incorrect Markov Method ( HMM ) ) . For example , the user is permit 
phonetic spelling of the logographic character . Therefore , ted to enter the strokes of one or more characters , phrases , 
being able to use handwriting input on a computing device and sentences in any order , and still obtain the same recog 
becomes crucial for users who are not able to pronounce nition results . Thus , out - of - order multi - character input , and 
words well enough or at all for a relevant logographic 40 out - of - order corrections ( e . g . , additions or rewrites ) of ear 
writing system . lier - entered characters are now possible . 

Although handwriting input functionality has gained Furthermore , the universal recognizer is used for real 
some popularity in certain regions of the world , improve - time handwriting recognition , where temporal information 
ments are still needed . In particular , human handwriting is for each stroke is available and is optionally used to disam 
highly variable ( e . g . , in terms of stroke order , size , writing 45 biguate or segment the handwriting input before character 
style , etc . ) , and high - quality handwriting recognition soft - recognition is performed by the universal recognizer . The 
ware is complex and requires extensive training . As such , real - time , stroke - order independent recognition described 
providing efficient , real - time handwriting recognition on a herein differs from conventional offline recognition methods 
mobile device having limited memory and computing ( e . g . , Optical Character Recognition ( OCR ) ) and can offer 
resources has been a challenge . 50 better performance than conventional offline recognition 

Furthermore , in today ' s multi - cultural world , users in methods . In addition , the universal recognizer described 
many countries are multi - lingual , and may frequently need herein is able to handle high variability in individual writing 
to write in more than one script ( e . g . , writing a message in habits ( e . g . , variability in speed , tempo , stroke - order , stroke 
Chinese that mentions a movie title in English ) . However , direction , stroke - continuity , etc . ) without explicitly embed 
manually switching a recognition system to a desired script 55 ding distinguishing features of the different variations ( e . g . , 
or language during writing is cumbersome and inefficient . variations in speed , tempo , stroke - order , stroke - direction , 
Furthermore , the utility of conventional multi - script hand - stroke - continuity , etc . ) in the recognition system , thereby 
writing recognition techniques is severely limited because reducing the overall complexity of the recognition system . 
scaling - up the recognition capability of a device to simul As described herein , in some embodiments , temporally 
taneously handle multiple scripts vastly increases the com - 60 derived stroke distribution information is optionally reintro 
plexity of the recognition system and the demand on com - duced into the universal recognizer to enhance recognition 
puter resources . accuracy and disambiguate between similar - looking recog 

In addition , conventional handwriting techniques rely nition outputs for the same input image . The re - introduction 
heavily on language or script - specific particularities to of the temporally - derived stroke distribution information 
achieve recognition accuracy . Such particularities are not 65 does not destroy the stroke - order and stroke - direction inde 
easily portable to other languages or scripts . Thus , adding pendence of the universal recognizer , because the tempo 
handwriting input capabilities for new languages or scripts rally - derived features and the spatially - derived features are 
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obtained through a separate training process and are only input interface of the user device , and the second output 
combined in the handwriting recognition model after the character follows the first output character in a spatial 
separate training has been completed . Furthermore , the sequence along the default writing direction , and the method 
temporally - derived stroke distribution information is care - further includes : receiving a third handwritten stroke from 
fully designed such that it captures distinguishing temporal 5 the user to revise the handwritten character , the third hand 
characteristics of similar - looking characters , without relying written stroke being received temporally after the first and 
on explicit knowledge on the differences in the stroke - orders the second plurality of handwritten strokes ; in response to 
of the similar - looking characters . receiving the third handwritten stroke , assigning the hand 

User interfaces for providing handwriting input function written stroke to a same recognition unit as the first plurality 
ality are also described herein . 10 of handwritten strokes based on relative proximity of the 

In some embodiments , a method of providing multi - script third handwritten stroke to the first plurality of handwritten 
handwriting recognition includes : training a multi - script strokes ; generating a revised input image based on the first 
handwriting recognition model based on spatially - derived plurality of handwritten stroke and the third handwritten 
features of a multi - script training corpus , the multi - script stroke ; providing the revised input image to the handwriting 
training corpus including respective handwriting samples 15 recognition model to perform real - time recognition of the 
corresponding to characters of at least three non - overlapping revised handwritten character , and displaying in response to 
scripts ; and providing real - time handwriting recognition for receiving the third handwriting input , a third output char 
a user ' s handwriting input using the multi - script handwriting acter corresponding to the revised input image , wherein the 
recognition model that has been trained on the spatially - third output character replaces the first output character and 
derived features of the multi - script training corpus . 20 is concurrently displayed with the second output character in 

In some embodiments , a method of providing multi - script the spatial sequence along the default writing direction . 
handwriting recognition includes : receiving a multi - script In some embodiments , the method further includes : while 
handwriting recognition model , the multi - script recognition the third output character and the second output character 
model having been trained on spatially - derived features of a are concurrently displayed as a recognition result in a 
multi - script training corpus , the multi - script training corpus 25 candidate display area of the handwriting input interface , 
including respective handwriting samples corresponding to receiving a deletion input from the user ; and in response to 
characters of at least three non - overlapping scripts ; receiv - the deletion input , deleting the second output character from 
ing a handwriting input from a user , the handwriting input the recognition result , while maintaining the third output 
comprising one or more handwritten strokes provided on a character in the recognition result . 
touch - sensitive surface coupled to the user device ; and in 30 In some embodiments , rendering in real - time the first 
response to receiving the handwriting input , providing in plurality of handwritten strokes , the second plurality of 
real - time one or more handwriting recognition results to the handwritten strokes , and the third handwritten stroke in the 
user based on the multi - script handwriting recognition handwriting input area of the handwriting input interface as 
model that has been trained on the spatially - derived features each of said handwritten stroke is provided by the user ; and 
of the multi - script training corpus . 35 in response to receiving the deletion input , deleting a respec 

In some embodiments , a method of providing real - time tive rendering of the second plurality of handwritten strokes 
handwriting recognition includes : receiving a plurality of from the handwriting input area , while maintaining respec 
handwritten strokes from a user , the plurality of handwritten tive renderings of the first plurality of handwritten strokes 
strokes corresponding to a handwritten character ; generating and the third handwritten stroke in the handwriting input 
an input image based on the plurality of handwritten strokes ; 40 area . 
providing the input image to a handwriting recognition In some embodiments , a method of providing real - time 
model to perform real - time recognition of the handwritten handwriting recognition includes : receiving a handwriting 
character , wherein the handwriting recognition model pro - input from a user , the handwriting input comprising one or 
vides stroke - order independent handwriting recognition ; and more handwritten strokes provided in a handwriting input 
displaying in real - time of receiving the plurality of hand - 45 area of a handwriting input interface ; based on a handwriting 
written strokes , an identical first output character irrespec - recognition model , identifying a plurality of output charac 
tive of a respective order by which the plurality of hand - ters for the handwriting input ; dividing the plurality of 
written strokes have been received from the user . output characters into two or more categories based on a 

In some embodiments , the method further includes : predetermined categorization criterion ; displaying , in an 
receiving a second plurality of handwritten strokes from the 50 initial view of a candidate display area of the handwriting 
user , the second plurality of handwritten strokes correspond input interface , respective output characters in a first cat 
ing to a second handwritten character ; generating a second egory of the two or more categories , wherein the initial view 
input image based on the second plurality of handwritten of the candidate display area is concurrently provided with 
strokes ; providing the second input image to the handwriting an affordance for invoking an extended view of the candi 
recognition model to perform real - time recognition of the 55 date display area ; receiving a user input selecting the affor 
second handwritten character , and displaying in real - time of dance for invoking the extended view ; and in response to the 
receiving the second plurality of handwritten strokes , a user input , displaying , in the extended view of the candidate 
second output character corresponding to the second plural - display area , the respective output characters in the first 
ity of handwritten strokes , wherein the first output character category and respective output characters in at least a second 
and the second output character are concurrently displayed 60 category of the two or more categories which were not 
in a spatial sequence independent of a respective order by previously displayed in the initial view of the candidate 
which the first plurality of handwriting inputs and the second display area . 
plurality of handwriting inputs have been provided by the In some embodiments , a method of providing real - time 
user . handwriting recognition includes : receiving a handwriting 

In some embodiments , the second plurality of handwritten 65 input from a user , the handwriting input comprising a 
strokes spatially follow the first plurality of handwritten plurality of handwritten strokes provided in an handwriting 
strokes along a default writing direction of a handwriting input area of a handwriting input interface ; recognizing , 
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based on a handwriting recognition model , a plurality of the user ; in response to the edit request , visually distinguish 
output characters from the handwriting input , the output ing the two or more recognition units in the handwriting 
characters including at least a first emoji character and at input area ; and providing a means for individually deleting 
least a first character from a script of a natural human each of the two or more recognition units from the hand 
language ; and displaying a recognition result comprising the 5 writing input area . 
first emoji character and the first character from the script of In some embodiments , a method of providing real - time 
the natural human language in a candidate display area of the handwriting recognition includes : receiving a first handwrit 
handwriting input interface . ing input from a user , the first handwriting input comprising 

In some embodiments , a method of providing handwriting a plurality of handwritten strokes , and the plurality of 
recognition includes : receiving a handwriting input from a 10 handwritten strokes forming multiple recognition units dis 
user , the handwriting input comprising a plurality of hand - tributed along a respective writing direction associated with 
written strokes provided in a touch - sensitive surface coupled a handwriting input area of a handwriting input interface ; 
to the device ; rendering , in real - time , the plurality of hand - rendering each of the plurality of handwritten strokes in the 
written strokes in a handwriting input area of a handwriting handwriting input area as the handwritten stroke is provided 
input interface ; receiving one of a pinch gesture input and a 15 by the user ; starting a respective fading process for each of 
expand gesture input over the plurality of handwritten the multiple recognition units after the recognition unit is 
strokes ; upon receiving a pinch gesture input , generating a completely rendered , wherein during the respective fading 
first recognition result based on the plurality of handwritten process , the rendering of the recognition unit in the first 
strokes by treating the plurality of handwritten strokes as a handwriting input are becomes increasingly faded ; receiving 
single recognition unit ; upon receiving a expand gesture 20 a second handwriting input from the user over a region of the 
input , generating a second recognition result based on the handwriting input area occupied by a faded recognition unit 
plurality of handwritten strokes by treating the plurality of of the multiple recognition unit ; and in response to receiving 
handwritten strokes as two separate recognition units pulled the second handwriting input : rendering the second hand 
apart by the expand gesture input ; and upon generating a writing input in the handwriting input area ; and clearing all 
respective one of the first and second recognition results , 25 faded recognition units from the handwriting input area . 
displaying the generated recognition result in a candidate In some embodiments , a method of providing hand 
display area of the handwriting input interface . writing recognition includes : separately training a set of 

In some embodiments , a method of providing handwriting spatially - derived features and a set of temporally - derived 
recognition , includes : receiving a handwriting input from a features of a handwriting recognition model , wherein : the 
user , the handwriting input comprising a plurality of hand - 30 set of spatially - derived features are trained on a corpus of 
written strokes provided in an handwriting input area of a training images each being an image of a handwriting 
handwriting input interface ; identifying a plurality of rec - sample for a respective character of an output character set , 
ognition units from the plurality of handwritten strokes , each and the set of temporally - derived features are trained on a 
recognition unit including a respective subset of the plurality corpus of stroke - distribution profiles , each stroke - distribu 
of handwriting strokes ; generating a multi - character recog - 35 tion profile numerically characterizing a spatial distribution 
nition result comprising respective characters recognized of a plurality of strokes in a handwriting sample for a 
from the plurality of recognition units ; displaying the multi respective character of the output character set ; and com 
character recognition result in a candidate display area of the bining the set of spatially - derived features and the set of 
handwriting input interface ; while the multi - character rec temporally - derived features in the handwriting recognition 
ognition result is displayed in the candidate display area , 40 model ; and providing real - time handwriting recognition for 
receiving a deletion input from the user ; and in response to a user ' s handwriting input using the handwriting recognition 
receiving the deletion input , removing an end character from model . 
the multi - character recognition result displayed in the can The details of one or more embodiments of the subject 
didate display area . matter described in this specification are set forth in the 

In some embodiments , a method of providing real - time 45 accompanying drawings and the description below . Other 
handwriting recognition includes : determining an orienta - features , aspects , and advantages of the subject matter will 
tion of the device ; providing a handwriting input interface become apparent from the description , the drawings , and the 
on the device in a horizontal input mode in accordance with claims . 
the device being in a first orientation , wherein a respective 
line of handwriting input entered in the horizontal input 50 BRIEF DESCRIPTION OF THE DRAWINGS 
mode is segmented into one or more respective recognition 
units along a horizontal writing direction ; and providing the FIG . 1 is a block diagram illustrating a portable multi 
handwriting input interface on the device in a vertical input function device with a touch - sensitive display in accordance 
mode in accordance with the device in a second orientation , with some embodiments . 
wherein a respective line of handwriting input entered in the 55 FIG . 2 illustrates a portable multifunction device having 
vertical input mode is segmented into one or more respective a touch - sensitive display in accordance with some embodi 
recognition units along a vertical writing direction . ments . 

In some embodiments , a method of providing real - time FIG . 3 is a block diagram of an exemplary multifunction 
handwriting recognition includes : receiving a handwriting device with a display and a touch - sensitive surface in 
input from a user , the handwriting input comprising a 60 accordance with some embodiments . 
plurality of handwritten strokes provided on a touch - sensi - FIG . 4 illustrates an exemplary user interface for a mul 
tive surface coupled to the device ; rendering the plurality of tifunction device with a touch - sensitive surface that is 
handwritten strokes in a handwriting input area of a hand separate from the display in accordance with some embodi 
writing input interface ; segmenting the plurality of hand - ments . 
written strokes into two or more recognition units , each 65 FIG . 5 is a block diagram of an operating environment of 
recognition unit comprising a respective subset of the plu - a handwriting input system in accordance with some 
rality of handwritten strokes ; receiving an edit request from embodiments . 
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FIG . 6 is a block diagram of a multi - script handwriting implicit confirmation input for entering a recognition result 
recognition model in accordance with some embodiments . displayed for the existing handwriting input , in accordance 

FIG . 7 is a flow chart of an exemplary process for training with some embodiments . 
a multi - script handwriting recognition model in accordance FIGS . 24A - 24B are flow charts of an exemplary process 
with some embodiments . 5 for utilizing a new handwriting input provided over an 

FIGS . 8A - 8B show exemplary user interfaces showing existing handwriting input in the handwriting input area as 
real - time , multi - script handwriting recognition and input on an implicit confirmation input for entering a recognition 
a portable multifunction device in accordance with some result displayed for the existing handwriting input , in accor embodiments . dance with some embodiments . FIGS . 9A - 9B are flow charts of an exemplary process for 10 FIGS . 25A - 25B are flow charts of an exemplary process providing real - time multi - script handwriting recognition and for integrating temporally - derived stroked distribution infor input on a portable multifunction device . 

FIGS . 10A - 10C are flow charts of an exemplary process mation into a handwriting recognition model based on 
for providing real - time stroke - order independent handwrit spatially - derived features , without destroying the stroke 
ing recognition and input on a portable multifunction device 15 order and stroke direction independence of the handwriting 
in accordance with some embodiments . recognition model , in accordance with some embodiments . 
FIGS . 11A - 11K show exemplary user interfaces for selec - FIG . 26 is a block diagram illustrating separate training 

tively displaying one category of recognition results in a and subsequent integration of spatially - derived features and 
normal view of a candidate display area , and other catego temporally - derived features of an exemplary handwriting 
ries of recognition results in an extended view of the 20 recognition system in accordance with some embodiments . 
candidate display area , in accordance with some embodi - FIG . 27 is a block diagram illustrating an exemplary 
ments . method for computing the stroke distribution profile of a 

FIGS . 12A - 12B is are flow charts of an exemplary process character . 
for selectively displaying one category of recognition results Like reference numerals refer to corresponding parts 
in a normal view of a candidate display area , and other 25 throughout the drawings . 
categories of recognition results in an extended view of the 
candidate display area , in accordance with some embodi DETAILED DESCRIPTION 
ments . 

FIGS . 13A - 13E show exemplary user interfaces for enter - Many electronic devices have graphical user interfaces 
ing emoji characters through handwriting input in accor - 30 with soft keyboards for character entry . On some electronic 
dance with some embodiments . devices , a user may also be able to install or enable a 

FIG . 14 is a flow chart of an exemplary process for handwriting input interface that allows the user to input 
entering emoji characters through handwriting input in characters via handwriting on a touch - sensitive display 
accordance with some embodiments . screen or a touch - sensitive surface coupled to the devices . 

FIGS . 15A - 15K show exemplary user interfaces for using 35 Conventional handwriting recognition input methods and 
a pinch or expand gesture to inform the handwriting input user interfaces have a number of issues and shortcomings . 
module about how to divide a currently accumulated hand - For example , 
writing input into one or more recognition units , in accor - In general , conventional handwriting input functionality 
dance with some embodiments . is enabled language - by - language or script - by - script . Each 
FIGS . 16A - 16B are flow charts of an exemplary process 40 additional input language requires installation of a separate 

for using a pinch or expand gesture to inform the handwrit - handwriting recognition model that takes - up separate stor 
ing input module about how to divide a currently accumu age space and memory . Little synergy is provided by com 
lated handwriting input into one or more recognition units , bining the handwriting recognition models for different 
in accordance with some embodiments . languages , and mixed - language or mixed - script handwriting 
FIGS . 17A - 17H show exemplary user interfaces for pro - 45 recognition conventionally took a very long time due to a 

viding character - by - character deletion of a user ' s handwrit - complex disambiguation process . 
ing input in accordance with some embodiments . In addition , because conventional handwriting recogni 

FIGS . 18A - 18B are flow charts of an exemplary process tion systems rely heavily on language - specific or script 
for providing character - by - character deletion of a user ' s specific characteristics for character recognition . Recogni 
handwriting input in accordance with some embodiments . 50 tion of mixed language handwriting input had a poor 

FIGS . 19A - 19F show exemplary user interfaces for accuracy . Furthermore , available combinations of recog 
switching between a vertical writing mode and a horizontaln ized languages are very limited . Most systems required the 
writing mode in accordance with some embodiments . user to manually specify the desired language - specific hand 
FIGS . 20A - 20C are flow charts of an exemplary process writing recognizer before providing handwriting input in 

for switching between a vertical writing mode and a hori - 55 each non - default language or script . 
zontal writing mode in accordance with some embodiments . Many existing real - time handwriting recognition models 
FIGS . 21A - 21H show user interfaces for providing a require temporal or sequence information on a stroke - by 

means to display and selectively delete individual recogni - stroke level , which produce inaccurate recognition results 
tion units identified in a user ' s handwriting input , in accor - when dealing with the high variability of how a character 
dance with some embodiments . 60 can be written ( e . g . , high variability in the shape , length , 

FIGS . 22A - 22B are flow charts of an exemplary process tempo , segmentation , order , and direction of strokes due to 
for providing a means to display and selectively delete writing styles and personal habits ) . Some systems also 
individual recognition units identified in a user ' s handwrit - require users to adhere to strict spatial and temporal criteria 
ing input , in accordance with some embodiments . ( e . g . , with built - in assumptions on the size , sequence , and 
FIGS . 23A - 23L show exemplary user interfaces for uti - 65 timeframe of each character input ) when providing a hand 

lizing a new handwriting input provided over an existing writing input . Any deviation from these criteria caused 
handwriting input in the handwriting input area as an inaccurate recognition results that were difficult to correct . 
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Currently , most real - time handwriting input interfaces As used herein , the term “ if ” may be construed to mean 
only allow the user to enter a few characters at a time . Entry “ when ” or “ upon ” or “ in response to determining " or " in 
of long phrases or sentences are broken down into short response to detecting , ” depending on the context . Similarly , 
segments and inputted separately . This stilted input not only the phrase “ if it is determined ” or “ if [ a stated condition or 
places cognitive burden on the user to maintain the flow of 5 event ] is detected ” may be construed to mean “ upon deter 
the composition , but also makes it difficult for the user to mining ” or “ in response to determining ” or “ upon detecting 
correct or revise an earlier entered character or phrase . [ the stated condition or event ] ” or “ in response to detecting 

The embodiments described below address these and [ the stated condition or event ] , ” depending on the context . 
related issues . Embodiments of electronic devices , user interfaces for 

FIGS . 1 - 4 below , provide a description of exemplary 10 such devices , and associated processes for using such 
devices . FIGS . 5 , 6 , and 26 - 27 illustrate exemplary hand devices are described . In some embodiments , the device is 
writing recognition and input systems . FIGS . 8A - 8B , 11A a portable communications device , such as a mobile tele 
11K . 13A - 13E . 15A - 15K . 17A - 17H , 19A - 19F , 21A - 21H , phone , that also contains other functions , such as PDA 
23A - 12L illustrate exemplary user interfaces for handwrit - and / or music player functions . Exemplary embodiments of 
ing recognition and input . FIGS . 7 , 9A - 9B , 10A - 10C , 12A - 15 portable multifunction devices include , without limitation , 
12B , 14 , 16A - 16B , 18A - 18B , 20A - 20C , 22A - 22B , 24A the iPhone® , iPod Touch® , and iPad® devices from Apple 
24B , and 25 are flow charts illustrating methods of enabling Inc . of Cupertino , Calif . Other portable electronic devices , 
handwriting recognition and input on user devices , including such as laptops or tablet computers with touch - sensitive 
training handwriting recognition models , providing real surfaces ( e . g . , touch screen displays and / or touch pads ) , may 
time handwriting recognition results , providing means for 20 also be used . It should also be understood that , in some 
inputting and revising a handwriting input , and providing embodiments , the device is not a portable communications 
means for entering a recognition result as a text input . The device , but is a desktop computer with a touch - sensitive 
user interfaces in FIGS . 8A - 8B , 11A - 11K , 13A - 13E , 15A - surface ( e . g . , a touch screen display and / or a touch pad ) . 
15K , 17A - 17H , 19A - 19F , 21A - 21H , 23A - 12L are used to In the discussion that follows , an electronic device that 
illustrate the processes in FIGS . 7 , 9A - 9B , 10A - 10C , 12A - 25 includes a display and a touch - sensitive surface is described . 
12B , 14 , 16A - 16B , 18A - 18B , 20A - 20C , 22A - 22B , 24A It should be understood , however , that the electronic device 
24B , and 25 . may include one or more other physical user - interface 

devices , such as a physical keyboard , a mouse and / or a 
EXEMPLARY DEVICES joystick . 

30 The device typically supports a variety of applications , 
Reference will now be made in detail to embodiments , such as one or more of the following : a drawing application , 

examples of which are illustrated in the accompanying a presentation application , a word processing application , a 
drawings . In the following detailed description , numerous website creation application , a disk authoring application , a 
specific details are set forth in order to provide a thorough spreadsheet application , a gaming application , a telephone 
understanding of the present invention . However , it will be 35 application , a video conferencing application , an e - mail 
apparent to one of ordinary skill in the art that the present application , an instant messaging application , a workout 
invention may be practiced without these specific details . In support application , a photo management application , a 
other instances , well - known methods , procedures , compo - digital camera application , a digital video camera applica 
nents , circuits , and networks have not been described in tion , a web browsing application , a digital music player 
detail so as not to unnecessarily obscure aspects of the 40 application , and / or a digital video player application . 
embodiments . The various applications that may be executed on the 

It will also be understood that , although the terms first , device may use at least one common physical user - interface 
second , etc . may be used herein to describe various ele device , such as the touch - sensitive surface . One or more 
ments , these elements should not be limited by these terms . functions of the touch - sensitive surface as well as corre 
These terms are only used to distinguish one element from 45 sponding information displayed on the device may be 
another . For example , a first contact could be termed a adjusted and / or varied from one application to the next 
second contact , and , similarly , a second contact could be and / or within a respective application . In this way , a com 
termed a first contact , without departing from the scope of mon physical architecture ( such as the touch - sensitive sur 
the present invention . The first contact and the second face ) of the device may support the variety of applications 
contact are both contacts , but they are not the same contact . 50 with user interfaces that are intuitive and transparent to the 

The terminology used in the description of the invention user . 
herein is for the purpose of describing particular embodi Attention is now directed toward embodiments of por 
ments only and is not intended to be limiting of the inven - table devices with touch - sensitive displays . FIG . 1 is a block 
tion . As used in the description of the invention and the diagram illustrating portable multifunction device 100 with 
appended claims , the singular forms " a " , " an ” and “ the ” are 55 touch - sensitive displays 112 in accordance with some 
intended to include the plural forms as well , unless the embodiments . Touch - sensitive display 112 is sometimes 
context clearly indicates otherwise . It will also be under called a " touch screen ” for convenience , and may also be 
stood that the term “ and / or ” as used herein refers to and known as or called a touch - sensitive display system . Device 
encompasses any and all possible combinations of one or 100 may include memory 102 ( which may include one or 
more of the associated listed items . It will be further 60 more computer readable storage mediums ) , memory con 
understood that the terms “ includes , ” “ including , " " com troller 122 , one or more processing units ( CPU ' s ) 120 , 
prises , " and / or " comprising , ” when used in this specifica - peripherals interface 118 , RF circuitry 108 , audio circuitry 
tion , specify the presence of stated features , integers , steps , 110 , speaker 111 , microphone 113 , input / output ( 1 / 0 ) sub 
operations , elements , and / or components , but do not pre - system 106 , other input or control devices 116 , and external 
clude the presence or addition of one or more other features , 65 port 124 . Device 100 may include one or more optical 
integers , steps , operations , elements , components , and / or sensors 164 . These components may communicate over one 
groups thereof . or more communication buses or signal lines 103 . 






































































