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Abstract 

Recently cellular phone or mobile device has become one of the most popular 

electronic consumer devices. This widespread usages have caused the urgent need of 

various and versatile input modules. This invention allows people to input Chinese 

writing by moving the mobile device in the air. The invention uses the camera 

equipped with the mobile device as well as develops a software to detect motion 

trajectory and recognition system for Chinese writing.  
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z 4  Camera Capture Scene 
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& ú 5 6 a À � -È � $oÓ   ¡ k - frame Ö × Â � ø $M Ã | � - G æ
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),(min),( 2),(
dydxMSEMVMVMV

Rdydxyx ∈
==  

H 3 - ù · ô ¿ Ï Ø Ç �./- block � � Ö × «- MSE$� ` 9 S� Ú o

H| ø frame»q � - ¿ Ï Ø Ù $ox a- frame q-� , RU � 1 -V$æL

r * -³ � < Ù VX Y & r * ³ �- í ³ �R�hH 3 GæL r * -³ � Õ í �

-Ú Û$� w : 1 kX Y & -r * ³ ��� �R 

 

3.2 Stroke Detection Model 

 � ù a % -bc   ¡ U � $H 3 Í � w : - ù frame � frame � � -Y Ô Ú

Û$� 1 k Camera opq- � L� r ��RTVF 
 D � -� ñ ò V$H 3 b

O w ¤ = � U H % -Ú Ûø�1 k-X Y & � r ��V > i � > »ù R 

� 0 H 3 �V ¶ ? - � y �H 3 � � e k- 2 | � Motion Vector	h � #9

õX Y & -r * 
$@AH 3 W _ 8 � ? ö W � F � - � e � o _ � � 

 

  

z 6  ° Ü Ý -Þ ß à á  

  

 � Hz�Ñ $H 3 S#Ü Ý -bc B C � 2 V| ; C $TV D �7q � `8

-| � � e Þ ß $0 1 C § q � `8 d � - ¼ F $Ã �= w Y * køL-å� è

éR 

Fä ó ß `8 - 9 �$9 9 VX Y &   ¡ k-� � U ú ¶ ° $· � ­V| ±

E F Õ - G H úM V © � | + º M V � I º $· � J � ¼ � K B -| ± E Ä L þ

M > N $U ú Î ! - Õ Ù � I º -`8 $0 9 Sh7V ¿ Ï -Ø Ù O Ë © � ¿ Ï
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� � | #$sU ¶ ¶ - ù Y Ô Ú Û� 1 k»ù P ß -bc ��$�� 1 þ i
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Ø Ç #· ô $M V 5 	 block -� 	$FA Õ ù ë w : 0 bc � e - S ù T HUR

TV � � V � `#-� ñ ò V$H 3 � � Õ `a À ? � � W 6 * - X Y $[ Z W

� 6P%�? è é`I J -bc V � \ u�Rhfg Uw : �? a À 7 � Ua]

È � �$H 3 � w - ù ' ( -³ ´ û [ \ = w - ¸ ¹ F| ã -ó ß RF � V

Stroke Detection � � iK L � 3 U ] ^ -ñ ò R 

�h@A Î �#H 3 UÕ -Ú Û$�VW Q' ( -� � ³ % / û [ # ¸ ¹ =

w _ � - � e ó ß $H 3 6 * � | � Noise Filter$| � Vibration Filter$Ì| �

Correction Model # O P F � ñ ò RF � � - · � z � ��Ñ � 

 

 

z 7  Stroke Detection Model 

 



 

 16 

3.2-1 Noise Filter 

� ÉH 3 UL ¸ -ñ ò V$Ø Camera _ ` ? $% � - a � P Ò m b *

V 5 W 0 X Y & opqD � � r $TV � y F � -��¸ H 3 -x � V c �

Ò � -R�� o Noise Filter � q$H 3 µ ¶ - � � | � « k$b ¢ o 2 | �

H 3 � e X Y & � r -� , ø$¿ À ÌH| � � y 8 -� , $�� oX Y &

-� r d e U� ú F � «- f � �$fg ¨ W g h � � e k-�� , R 

� ù F � - µ ¶ U � $H 3 � µ ¶ � n -É¸ ¹ � | � � ¸ fg PQ-

º �R 

 

 3.2-2 Vibration Filter 

F � i � U-s%7$� É$o| Å -à × �$H 3 1 ¬ X Y & opq

r * I J t u ? $O W VP x --opq � Ú i r ú¼ í -$� î q V � á

ä x � -³ � º r * $· � ­$F � -r * x -�VUI J j -å�$M V

k$M VlþmRh � s% � � �$H 3 = hQ Least Squares Fitting -³ ´

#
 »� � e k-bc R 

 

 

z 8  Least Squares Fitting -Ñ Ò z 

 

W Q Least Squares Fitting -x � V$H 3 ÉÓ Í � � e k-a�� 8 1

#0 Q	H 3 � Ò Q-VaÃ � Í � y - 8 
$¿ À `| f ; � = w -bc

aÃ B n R 
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 3.2-3 Correction Model 

G� e k- 8 $ÌH| � Í � y 8 - d e À `#$b ¢ ó Y kH| � ]

k- ; C f(a,b)H$1 k-F � � , $H 3 w � 7Ü e 8 RG Ü e 8 Ìë ì

e 1 - 8 s � 0 $ � = h1 k; øefg Ò x � y -� , R 

| Å -à á �$H 3 Ò Q ¯ y | z - { � $TVo ¿ Î -à × �$H 3

W ¸ { � Ü e 8 s ` ° ± $h | U ¾Y * bc - û ë º RF W oøL- 3 U

Õ ° ± - � � e] / R 

 

3.3 Classification Model 

H 3 É � | ø � U H % - Camera Capture Scene h/ Stroke Detection Model

-³ ´ Ú Ûø$opq X `“â”�  ¡ b � y -bc B C R 
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z 9 h±² I J ³ ´ �I J -“â” 

 

h: - } ¾#­$F � u £ ~ � � -`#Vo X � AuRTVH 3 ñ ò �

o$B � � � V � O � -RF| � - � 8 �7H 3 U � AGF � -å�bc ��

� � � � -³ ´ Õ iã RH 3 -fg � �F � -��$ ¨ w : Gbc Ì Word 

Database � � � � $ Ã ) · ¸ l m-� s R 

�� Éa� ] k-$H 3 ] ^ �_ ä I J K ´ �±² -å� I J $h/ ° ±

² -å� I J R° ±² -å� I J $�	 -V 2 | � � �� � ? $� I J | � å

æR±² -å� I J � V � �� � ø| � I J ! å-åæ$_ 1 obc -l mH

�� \  O � -s %RTVT U- · � V¼ ½ -$øLÓ Ì ¸ F _ ä I J ³ ´ o

Classification � iO � - Ä ³ s i^ O ­R 

 

 3.3-1 ° ±² -I J ³ ´  

  o° ±² -I J q$H 3 � � bc � � -³ �$Óbc C § � x 6Ãã R 

 

z 10  ° ±² º I J -bc iã z 
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¹ �Hz�Ä Ñ -µ ã � Í $�UV � � � ¼ F -bc $�e � ã 7{

Ãã bc R�h° ±² I J $Á � � Ãä bc R�zÓ � | \ ë ì -çC #

� � � O � 
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� U ¸ bc ³ �- � � � ø$H 3 3 U| � U � Ófg � y Ù -bc �

�$iã 6FÃä ' q � | -K L R · � z � �� 

 

z 12  Classification Model( ° ±² ) 
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° ±² I J - · � i6 _ � � � R{| � � � fg UÉ� `bc -³
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�� «$�� ¬ evidence	F 
 - evidence �	 -V sequential -bc i6
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¸ � f(x)-« � ú t$�GF � ³ � vectorØ Õ F � bc -{| � ¿ Ï ³ �

�� R� o H 3 �Gåæiã 6µ ä $@AF 
 -� s �Í � � � �RTV

qt uîîV h o � {Ãä á ´ -åæ�G�V � � ¼ F -åæ$H 3 � �

7{Ãä bc R 

7�»ù -l m`Fä bc $H 3 o ù � bc -{| � ¿ Ï ³ ��� �

ø$¿ À `F| � bc -³ ��� q  8 $b ¢ oø² -Ú Û � q$QF|
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z 14  {Ãä bc -è é 

 

ù Hz�Ñ ${| � e� e k- ¿ Ï ³ ��� 7 TYPE 1$ � øÀ `q

 8 ø$ - ù � ¿ Ï C § -q  8 & � � � �- 8 $ = h_ 8 í Ú � � �

TYPE 4 Ì TYPE 2$�� F � I J bc � W efg l À 7{Ãã bc R 

 

 3.3-2 ±² -I J ³ ´   

h“ê�F � u7ç$ ¦ Vh±² -³ ´ I J F � u$H 3 = h1 k�

L-F � bc � o � 
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o±² -I J K ´ �$H 3 - # � oú O Ë � {Ãä 9õ ¼ F -åæ$
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�$� \ åæ � � Vi^ -$M [ $� \ å��Vë å � � -±A D � - �

åRO U F � � -ñ ò $H 3 = h � � Word Selection Model - � i# O P R

x aH 3 �U � � ú Ó±² -bc | | � ^ #l m�= R 

¼ ô ú ° ±² -I J $H 3 � � G µ ä ¿ Ï ³ �-í Ú � �� � RG±

� 2 Hk 3 H-Ø Ù , ¹ O � � - 9 �V$| Å qt u � U H 3 - é ê $�

) � 9 2 Hh/ 9 3 H³ �-åæR�� 7� � | å�Ìå�� � -bc 0

l m-� s M * Ä I º Â$H 3 = h � �   F � � -��h 5 6 H 3 -l m

¡¾R 

�� � � Ò -V$oaL� ] / - Vibration Model$� � o±² I J -

a] �Ã ) 	 W ¾- s »R�7 Vibration Model -QÒ V ( ) T U B n h

Í - � e 8 -D � $�±² I J W �7îî � ½ bc -T Ubc ³ �$U ú

Ò ¡ Vibration Model � ] ^ -Ü e 8 9 9 W 0 1 bc _ � ¡h ¼ ¢ ���

£ Þ ��-8 ¤ R�� H 3 = hoF 
 * H| � f � �Øfg ê < kbc ½

¥ � ¼ �-c ¤ ? $ 5 6 Vibration Model � ] ^ Ü e 8 - { � $ Ü ë ì -

� e 8 y M � -· ç$ � � | #Øbc - ¿ Ï ³ �# � ? $Vibration Mode
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�� $±² I J - · � zô 7 µ ¶ � 

 

z 16  Classfication Model(±² ) 
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3.3-3 Conclusion 

� U H % -Ú Û � ø$O � V° ±² I J M V±² I J $H 3 Í � Gæ

X Y &   ¡ k-bc �� ¼ ½ 6H 3 sU-å��u ¾ Ê ���RÎ �#
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���� � � � � ---	 
 � � 
 � �   

 � ù H| } -Ú Ûø$H 3 Í � 1 k�iã ø-å��u ¾ Ê ��R� �-

� s � V � � `| ä ³ %# S ù -l m`H 3 û »sU X -uRF} T U7 ² ³

Word Database Ì Word Selection ModelR 

 

4.1 Word Database 

 o ² ³ Word Selection Model � a$H 3 3 UÉ � O � Word Database � L

- J < h/ ¯ � qt u � � � � � $ ¨ w : Î ¬ È ' U Ò Q � � -· ¸ ³ %R 

 Word Database µ ¶ -­$�VH 3 7�Ffg / X -| Su ¨ $ � L� �

� � �2 � qt uoH 3 -fg q� 3 U- / 0 Rh��� � ±² º I J Ì° ±

² º I J O � - 3 ç $ ² ³ / 0 -³ ´ R 

 

 4.1-1 ° ±² º -I J ³ ´  

h�� Q µ ¶ -çC O ­H 3 � � G | Å u encode 6H 3 3 U-��

¾ Ê � 

 

 

z 17  ° ±² º I J - encode ³ ´  

 

° ±² º I J - � � ³ ´ $� � Ãä O � -bc R � Hz�Ñ $“��

F � u${| �V| j $�h encode 7 2R{� �V| k$encode 7 1R{
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�� © V| j $�h“��o° ±² I J - Word Database qe encode 7“121

�R � Û$“Â�e encode 7“3215�$“p�e encode 7“43535121�R 

H 3 GîQu - ù H % -³ ´ encode$I J Word Database q$Ø s l

mQ-� � � � R 

 

 4.1-2 ±² º -I J ³ ´  

oFä I J K ´ �$H 3 3 U ! * È � -VåæÌåæ � � - � å$G

U encode k Word Database qR�7fg S? V d ¡& il � \ Vë å � \

V � å$�hG 2 3 � � encode�#GV| ä O P -³ ´ R 

 

 

z 18  ±² º I J - encode ³ ´  

 

“��F � u$o±² º -I J q$�7 � å- � � VeH 3 Ø6O 3

U � � - � � $�h encode Ì° ±² I J -� o | � q V“121�R 

TV“��F � u$� O | � �R“��V� � ë å _ å � å�L 6-

u$�� encode�# � 6�“13131�RF � ³ �- � åVO w : e& ¹ -$

O 5 W ±A Y * klFã ë å-I J H-l À R 

= h µ ¶ é ê k-V$±² º -å� I J $O ª ª * « �æ X Y &   ¡

Y Ô ��-Ú Û¡¾$G0 1 encode qt uk Word Database - I º ¾H

UR � Î Ä G * � � l mH-¡¾R 
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4.2  Word Selection Model 

 ; ø-F � � $H 3 U � � Word Database$Ìù bc l m`#- ¿ Ï ³ �

u ¾ Õ · ¸ $ � `; ¼ ½ -ö÷uR 

 � ç#­$H 3 UÚ Û-ñ ò VÔ F � C � 

 I J -bc l m`#-u ¾ �3122344$û »sX `#-uo Word Database

q$e encode 6 312434	H
R�z7fg ë ì a s - Ý × � 
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¶ ¶ � � � e k-bc ¾ Ê $ë oV±: q d ¡ l m`F � u�V“H�R

�fg ij `-å� � Ê 7 3122344$Ì Word Database q- 312434 � d GO

	RO ª q � ! � | � 2$ ) � | � 4$; ø £ ! � | � 4R 

N 5 F � -u ¾ · ¸ ñ ò H 3 P%Q | g -u ¾ · ¸ ¬ À %# O P $�¢ H

3 -fg £ � � 3 Uw : �? Ú ÛF ` � a] RU ú ­ I - 7 8 ¿ À $fg V c
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ú VH 3 sk�$� îîï - ± , e ² ò x q$îî � | ä ò ~ $É �
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� � - µ Û = h � QoH 3 L ¶ -ñ ò HL$3122344 Ì 312434$· �

� �û VO � æ� · ¸ �RTVH 3 � o É | � � � _ � �u$· � É� �

2 Ì 3 - � � $2 3 �� 6� 3223 Ì 323R� � 2 Ì 4 -Ë �� 6� 2244

Ì 244R - ù F � - ' ( H 3 -ñ ò | � C � µ Â� ! R 

  ú VH 3 � � �_ ä ¿ À QÇ �� 

1. 1$2$3$4 ¯ � �u`8 - Á � �R 

2. Ó 9 u ¾ É Ú Û6� � �_ ä �uø$12/21$13/31$14/41$23/32$

24/42$34/43$F � -u ¾ ±² `8 - Á � �R 
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{| ä Ç �d < = Û O $ Z ú {� ä Ç �7 � AU Ò Q 12/21 Fä � °
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�7 � AU Ò QF _ � Ç �- 9 �$Ì� ½ q ¾ U -| � 	 ¿ À - Á È
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V � ] ^ »ù º Ç È - Ã Ä R 
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Ø6; ø-i�
$QF � -û [ $H 3 � w l m`H 3 3 U-ö÷uR 

 

z 22 ö÷uÑ Ò z 

 

H 3 É � HzF Õ C § - � � $@9õ 3122344 1 & fg qij ø$÷

`#; � = w -a þ � u$“	�øL-�u9õ( 3 -i�R� zq�Ñ $

“H�-¼ ½ ¾i�7 5.0$ Ç È -¿ À U � � � 

  A � i-i��� ! � | � 21  �  1*4=4 

  B � i-i��� ! � | � 4   �  1*1=1 

  �� � o � V 4+1=5 iR 

 h´ C #õn -Ë $ = hF � X � 

)Pr()|Pr(
)Pr(

)Pr()|Pr(
)|Pr( minargminargminarg wwdata

data
wwdata

dataw
www

==

 ' q$w 9õ 2 � qt u$data 9õ � e k-å��u ¾ Ê RPr(data|w)9õ

-�VH % _ ` ¿ Ï Ç � ¿ À ø-� o $ x Í À H Pr(w)- 9 �V$H 3 -· ¸

W oqt u| 
 I J - ? ö� | 
 Ã ) $�� ç � Ø 0 Q 1 I J k{Ã�- ?

ö$H 3 G W G� � ) ú M V É U Ã�-u 1 `# Ã ) · ¸ RTV N 5 -$· ¸

- � ¾� O VF \ u 9 Se encode o Word Database q- � ¾�R�� H 3 Õ |

� � � $Ø 0 Q 1 X k{Ã�- ? ö$9 S�VÃ�-u- = w º $ü ý · ) ú

M ! ú Ã�-u- = w º #- � RTV & ú Ê U iY * Pr(data|w)- � � $Pr(w)

FÇ � w Õ -Y * ' ë d 	$T � o N Ñ * J � Ç �� � ú ] � l m- S ù T R 



 

 30 

4.2-2 Á L Â 

aL-fg í çzq$o{| Ë-ö÷u�L$! �Ã � ¼ � Á L -÷

u$V � ¿ Î Q Ì -R 

 

 

z 23 Á L ÂÑ Ò z 

 

H 3 é ê k$±² I J $h/ ° ±² I J $q � | � �� -ñ ò h o$

@�VI J þ �hH-qt u ? U ú Í ? R° ±² º -I J ù ú 2 | åbc

q V Î � I J $o S ù ¾H £ O W � Y * RTV±² I J oF � Ý q �$f

g ! � e k M V ) � e kbc - Ï Ð $G � ¬ å��- 6 * � # � � R 

�� $H 3 � s¬ $VO Vw : � M � 
 -I J ³ ´ $0 H 3 �= hQ

÷u-³ ´ ÷`H 3 U X -uR 

H 3 o é ê � ø_ 8 $qt u � | ` d ¿ À - ¿ Ï $�V � � - ' ( R

d ! u> 5 · � � �aL- � � R åå�q | � $TV�U| X � @ � � $

� øUÎ -V j $Vk$Vl$Vm$�Í � = h P � `H 3 U X -V � A

u�R�� o ¹ � � � �§ � � � ¯ � ¬ � q$H 3 = hÉÓ Í K Ñ -qt u$Ò � a R

åå��� µ ¶ -iã R�

�



 

 31 

 

z 24 Á L Âø-uL  

 

hHz- J < # O ­$� É ù ú ÓÔ�VeËo{| Æ �-ö÷u$�

� ÌÓÔ�J � �� -aÃ�-u$ W eH 3 � `#$ÓÔ�-a µ �V

Ó � � � � � �$Ì Õ V| � -R � Û�L µ � Á L GVF � e� `#-$H 3

d < = = h_ 8 $� % X - � � ¼ ½ -u d < = e� `#R� � | #H 3 �

O 3 UG | � uæ [ k Ö I J � � $�3 U X a R � å�$�= h � kUI

J -u�R�

�

© � � �¢ � � � � ¤ ¬ � � � �

�� $� U HL_ } -K L × ¼ ] � $H 3 -fg Í � = h6v -op

q - ù X Y & n kI J qt u-x -R�

�

�

�

�

�

�

�

�

�

�



 

 32 

�� ��� � � � � �

» � � �� � �

� o ± � � � - U � q$H 3 Q� ! 	 û [ $Ì ¯ ´ ¯ � -³ %# O P � Ø

Ù k- ¯ ä ñ ò R� ! ? ö$H 3 q Ú ¥ ¬ Ó� | D � U � Y * $TV<  \  

-ß � �-³ ´ & O P ñ ò R· � $hX Y & -Y Ô 7I J # � e X Y & r * -

ñ ò H$h8 � -û ü Ì ¦ ð f g $H 3 i k- j Û þ i-� $¢   ¡ X Y & r

* bc - n o V 5 VP% Õ k d � Ü RTVF³ L- 7 Ý $H 3 � o� | � G X

Y & bc iã -K L $s ® %( ) ß � A #-Y * R [ Z oÌ ¹ � � � �� � � � ¯ � ¬ �

-· ¸ ³ %H$H 3 G��d ! � Þ & s`| ä < ó T � -· ¸ ³ ´ $� © O w

* � fg -¿ À ß ° R; ø- � � $7� w : 0 0 Q 1 w : M � 
 -1 k N à s

I J -u$H 3 Gs`�Gqt uÁ L Â- O P ³ ´ R�

�

» � � �Æ #� s �

 fg q á �  ! = h # Ã - Ä ³ $· � µ ä M VÃä å�-iã 
 â $= h

QK ã - { � ³ ´ Õ iã $� O V ä ¸ -� i%ú  ¡ X Y & r * bc -fg V

� = h # å $0 1 � e - � � M c � $ úl À ¼ ½ ¾-i� ¿ À � � V � � M Ù

-³ %= h0 QúM Vo; ø-÷u � � $ * H æ � � � ¤ � � � �¨ � � � � - � � $0 B

� ÷uM * - � ± ç R�

�

� �

�

�

�

�

�



 

 33 

� � � � �

[1] Wang, J. and Canny, J. TinyMotion: camera phone based interaction methods. 
CHI '06 Extended Abstracts, 339-344, 2006. 

[2] Rohs, M. Real-world interaction with camera-phones. Proc. UCS. IPSJ Press 
(2004). 

[3] Ballagas, R., Rohs, M., Sheridan, J. G., and Borchers, J. Sweep and point & shoot: 
Phonecam-based interactions for large public displays. CHI ’05: Extended 
abstracts of the 2005 conference on Human factors and computing systems. 
ACM Press (2005). 

[4] M.E. Munich, “Visual Input for Pen-based Computers,” PhD thesis, California Inst. 
of Technology, Pasadena, Jan. 2000. 

[5] M. Nakai, N. Akira, H. Shimodaira, and S. Sagayama. Substroke Approach to 
HMM-based On-line Kanji Handwriting Recognition. In Proc. of Int. Conf. on 
Document Analysis and Recognition (ICDAR’01), pages 491–495, Sep 2001. 

 

�

 


