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Writing in the air-Moving camera as Chinese word’s

Input device

Student : Yi-An Chen Advisor : Prof. Chia-Hoang Lee

Department of Computer and Information Science

National Chiao Tung University

Abstract

Recently cellular phone or-mobiledevice 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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1.1 55 gtk

MAER S BNBABAM Y RBEFTHEZ T LR THEZHEARA R
RARTHEFE RO ETRME - MEFHRORA L LELT —EMOAE £
BRI B LR EBRROBAT O ERT —HAEHHF A TEERS
ARG ey Koo G20 IR R A 4 4 Koo BOE 2 R BT P4 © o bt — RARAT A2 F AR
EEMATXFEBIART R PATHEZ LT XA RA THSZ AT
EL

L & F XL

BROBE  AREFREBRB TRV AITROBDE BRAN KL ERA A
ko RBRI NGBS BERAEWMARE T XFAE RN RRERE TR
RAK - $REE R BN TR BEER N ER A A TRATIER D kXS
HE B ANE -

2. QWERT 44 :

(A)Nokia E61 (B)#: % &+ BK600 & ¥ #47 L 42k
B 1 Nokia % 7478 T &0 sh3E X 42 R
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BONE AR T AR Wb - RAARRBRATEREL TR XEZETNEALNE

B ABAB RO S RMERE RSB A KRN R R E - Ak
FAB K& 5 R A b 8 R AR A o

3. FERBTWA
PHOALEFRRET FERARAZETMAGNAAE - RBEHABMAEB
ATEGMEARLIERE  BERARTREHHBILTHE > 0 FEHRL RPN

FHAG BB EREYIRAE R TS -

BRATOATE T35 L B I AR SR A A o Rt RIEAZIAIAERE
BoARBYRBRINET®  RMARARATUAAZRPETR? 5~ @ A
BB MAF HIRART RFF LR 2 2 B2 EAGIE e R B 49 8l 7T Afo s 409 8
FEES > AR F R AR AN T T B IERA TG, ©

1.2 #% B 4%

BRI R4 2R S AREIN - F — A2 H GERI OB R E
B AAEHPREZPORB R R ACADEREN T X REBRPHRE
EF I o B3 RHBRE GBI BERATROPXF -

BAVEHBME - TR —ERGERM  EREAE T EFOEE 0 LART
BAA AR RGN c MAWMAT X L > L TURBEIE o A2 EHOH
ANFo R E PN REMMAT AR —EFHERIMA > R R R
RERBETHEIG R » PR EMEMABE—EEIER A 2 M SIT R

A ©

BUEFA S T RE+ 2 e 4 AL B bR 3R — 20 0 49 F 25 B A S TR D M
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IS EET - B EBAY > BEI —EAREIERE A > 25
IR G AR ER P X Fey 2R A ey iR R YR LR RE Y
EHF - EREAUA—BFoRERE —AHMARFHLR SHYALE

WAXFTLERRAREABET -

1.3 X &tk
F—FAGR NEZENAARRGGHH BATEEATRETHETXE
T A SRR AT ARSI T AN AR RIS & ) KRB BARMER -
F_FAT B NBRAMBEONLBBATFANBREHRERATHMER T
7% 4w edge detection ’ region detection A& .optical flow e
FEZERARMRBALNE — 0 AAHRBDRBERB RO REFRZ &
FEH RN 0 B E e R K, 0 SRR ke T B o dRe B A2 o
%m0 T AR B AIIR B R Sual B =300 3R A he T e B AP AT HAER 69 BUER B G
MHEE R BAER T NEMEEH » 2= 2] KA 8 B PR R -
FRF R R BRI AR ROEEEE OB R RT3 T



FF WA
—f% % A RAAB] camera £ %2 T #5844y & 7k > A edge detection > region

detection » optical flow » J& T Bp ¥ 33 b 7 k8 K 98- &4 AR 3R, ©

2.1 edge detection
edge ERMBEHZ P RENER  ABBRMEREEA KREILoyFE 4 - thdo edge
FHRAMBENF ZORER > Bt G /A8 edge RITT AF R B SN >
e AR L EH KRB ERAZ P -

-1 O [+1]]|+1|+2]|+1

2|10 |+2(|0 [0 ] 0

A |l |l || od |68 |

B 2 edge detector 51 & B

A% R B2 PR R B &2 edge detector 0 S iE 212 MIRER edge YR IE - 2 1%
BHHORREL OB > BEREAFHRFNY edge BRMA A ANBHHUE
B X2 B BHEEN DA HMUSTHEMERGSGHME  WFRETRNBEE

N
3, o
a

Mk A edge detection RARFH DAL HEH AL WRAL > HHERE
1ES  SHRB I FHERPERKR - LABRGEmAFRAETH-TFHHERL

T E@mtyedge @MERARE > MAEH ERBERFHLLHLEE -



2.2 region detection

region detection B AT X & 649 J& F 3 B F A 7> AR 691878 » tbdo AR A91AR]
%A1 A Image segmentation &) 7 7% > f& color space ¥ e id 2140 & — IR
homogeneous region » E 486928 & G RAF A5 » H T REBHZ SR IK AR
B BB E s DR PR R

2.3 optical flow

optical flow X Z )RR BAZ TANEHMEDMTHEBEE T BZNHE - 1L
o E AR PAEE T T EBEANSE > MIREF M EHEEIABH - KL AN
W ERRA

B GEBET > T ARIF R L pixel ¥y optical flow  #E4LT &
% F#R % optical flow g9 8 fb & BT A E L B A ZH PR EHAE -
R Z KA 4T 3 bk BT B 0 2 E) o

Optical flow &9 & & & %1% ¥ &8 pixel # EHE (gradient) » 42 %2 R
bR hBEERTRATE L R TEBEE GRS A ES ¢
mEAG pixel A E A Gz s BF H B F e pixel 69K o Bl

BRARGLLLEVEZ -

AL PR TR 126 A LR optical flow 89 B MER — £ AT E B E sk

#9414 ; EEEFEe) optical flowi@F R ERAR G T AL G L AFHMAES
G BB RRRER LT > optical flow ¥ % &4 BRRIFEIE -
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F=F RAE--- AR I AR

AZSRERTH AREE LR

— ~ BB P AT B 8 B 1544 Image Processing » BUF I T4k BB AE
A B 0 I o

=~ BIRIFATRERR IZAZ G 0 R PR Ao AR F & AR
FEF O BRIV RN B E — W0 ) BAERBINAR - K18 R SR HEE T A
&)

MEHUTE R TZ

ﬁ/(}amera Capture Scene_—

-------------------------------------------------------------------------------------------------

I otroke Detection Model I

Correction model

H
......................................

|C1ass1f1cat1on Modell

st direction appe

¥

¥
‘ aearch for first stable directinn| |Affirm other stable direction nu::c:ur|§

| Cutpat classification |

Qutput a string consists the
stroke number recorded il now

1*.- ey
9Ly Word Selection Model |
Dat abase System Overview

3 System Overview

— 38 & % RE LT L A Camera Capture Scene » Stroke Detection
Model > Classification Model » % —2f» £ &89 2 & Word Selection Model -

Fu—18 248 ZE 4 4F 49 Word Database -
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R E RE ROV A S — B AR RKERFHT —Bikd UK EHS
E% S 2 SR N NG & SIELEIS & 3 Il PR S0P FlR o =D& (&)
5 F ) EAGRSETIINZIE o R HFIFE RAEL Classification Model »
Classification Model & 4e#uof & Mk A RAVFE RO ESHF &5 -

—2FURTFTEIHIRARL AREFEEMERNEIHTEI K
B &) %A b ¥ Word Database 42 & &) Bkt » % AR YIEE F X F -

3.1 Camera Capture Scene

BIMAHFENEARAHBYBADEORIE > BNAR BT NEEY
%o BRAEBBRAZ PO  EERRIT TR RN T DI AN o RERA
BRI TR B =B A R A A — AR HEEAR T AR
B -

Y & SRR 4o B AT

E‘v
ﬂ
t*‘/

Camera capture scene/
/ According to the time (1)

Compute the most likely position
of frarefn-14's W*MN area in framedn)

| l

save the R.GB wvalue of a size IW*N Compute the distance from the
area in the center of the framern position to the center of the frame
) -
o = The d.spla::ementm get]sthe :
This will be used inthe next fraroe irrverse of the camera's moving :

‘ Inwverse the direction of the position

H
H H
) H
H N
H H
B H
- H
" H
H H
T T T T T LT T E R P T LR E R Ty T

Cutput iz the position which represents the location of the
camnera in the timea’n) in our world coordinate

Camera Capture Scene

4 Camera Capture Scene
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B RBBRFE PG B frame sy K PHERE X ¥ YV ¢y size > BMARE®
FORHEM XN KN —REREAFHERM <X NCY) o #EFdztEH AR
ft frame T #oay M ¥ N &3 > £F —18 frame T+] Fayfr & » R T AR
& F i Camera A& 33 {8 05 R g 72 %2 F 64 P @A 45

Lt ay e 38 & A A8 Motion Vector a9 4 & £ 4h > M & TREHFMAT

LBAreal-time R HEREFRARMH AL L > LBt — LRI G ATRIE -

Bl 5% AR 8 3 BRI L fo B3 1 4 32

ANBREE T H S 0 AR W frame KFELZH - Ri—Faied
@47 5] A — 4449 block - ) f— 18 block 45 7% i 77 4 F 89 & %18 block i % #
pixel 2 34 K& FEfE - fblock &9 ks > T LUK BB A SE KT thho iR —
BEEMUBREETHY AN EERELS D BB B F L ETROK - B
Fe3bF T & AIATERA 6y block 3R & EFH > R AE R LB RE 0 b
block b Arik & &4 pixel # B - R MARFHBHK LT HEFOHERE

fefe R E 0 B BRI 0 £ T —18 frame 2 & 4% A8 AL o 45 4
BRI A MSE 93t A K - MEMEREER NOBHRRARE THRYE
B BHHA T @O AXERZ

My

MSE(dx,dy) = MLN > [Frame, (m,n) - Frame,, (m+dx,n+dy)[

m=x  n=y

(dx,dy)FiX & 89 & 4 frame T+1 $ #8649 xy L B > S35 sb4% & & /69 MSE
18- BB BEOBTHOERTH T X &T -
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MV =(MV,,MV,) = min MSE(dx, dy)

(dx,dy)eR?

AP B B A LB SRR £ 8 block 2 P & MEE 69 MSE > #% F B Ak £
Lt — 3k frame JE F B &9 45 & 0 £ B ATeY frame P4 E - R HE 0 E @
BB A REBEVRSE T MR TG - rARMEE @SS T GRS
HRIE > MEHFHRBROBH TR T -

3.2 Stroke Detection Model

48 W AT WA BB ERGBAZ 0 R TR A & frame 2 frame 2 P 89 515 0%
32 > M35 Camera £ X P FRUABEN - BAZEEAHHPBALE > RIMLE
FAEAREGE ) RIZAAF I OB DR AB RN AE 2B EE -

1BAE A7 R A B ey 205k T & AIPR R 2] #9-5 — 8 Motion Vector( B2 b 2R 4%,
REBAANSE ) FE R THRFENE €A S ARG R4

e,

Bl 6 JETAHAM RFHH

ho LB ATOT 0 BRAIARBAMGRINB G E X —HE  BRGE A TR ER
fg —BR R K R PR R ARNEIT > M TRV EI K @Y EEH
B o

BAEMRERGRE AR HPRBERE ST F BN ER bR A — K
hRaé&wihEd RREA —RERAERN > thoBA M8 E SR — 5 R g
RIeiR » BRH A EREAMHHI  ERAUNLSTHUOERT A LA FH
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WPy o

Jolb— R HEEFRBHEREMFEEERZGIIE N WEHF+ o
69 B # > 4o R BATIE o b\ 6 T8 ATAGE 89 4L B IR KD 0 B B 3 e BB AR A
@ B R L8 A4 /) block 89 Ko 0 38 Bk B AE Sk LM A Bl e R R b ot o
BREZATA R RO P R LAMEEEFHAEE el £2 ¢
YR BIRA B A BT BN TR EF T - A AR BAREHBFEL A F EATR
FET > KPR E G H e F XX B TRGHHRE —FRahsds - 3R R2
Stroke Detection b3} 754 48 P % & 5 AR 64 B] 28 ©

P SAAR B4 T AR AR B8 IR 3 S A A A R e O ok R T RIH R T
EZS A By {RIBISE 3R > KR A3 4o T — 1B Noise Filter » — 18 Vibration Filter » o — 18

Correction Model R ## xis B 78 o Z 2 8972 B e F Ao

[rgnt is the posttion of the camera

----------------------------------------------------------------

HMonse Filter

Usze the mput to compute the displacement

= the displacement =

Vibration Filter ‘ Eetriesre 5 continuous previous points
i ]
Count the fit line of the 5 points

i Project the Sth point to the fit line, and
¢ then add the distance between latest and
i the Sthyoints to predict the position.

Compute the predicted point

4{ Awerage the detected point and predicted point }‘—'—

' Cornection rmodel & djust the poirt to the expected postion

-------------------------------------------------------------------------------

Chatpr f ot ints( & stroke) .
e R R Stroke Detection Model

7 Stroke Detection Model
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3.2-1 Noise Filter
B ARBRMEBH AL > F Camera ## LB F 36247 & T84t &)
ARG ERBBEZT T EAMS ERLHEFEHRYEREGRMYBERLR
& &y - Bbf& Noise Filter 2 > w2 & —EME k> L EAF—R
BAVARBmY RSO ER HHEP L —ERKBHME > A LAH/IM
WA BE B B RN BE MR T » 2% @ FARARNEIGIMLE -
BHEHRNHESR RMEHEARILERT I L8RS

R o

3.2-2 Vibration Filter
HrERnlEs Gk £ KOBFALTF BMEEHBKEET

BEWMAX T A LR BN AZ PRERES  BRE  BEHAAE

BT GRS o iR SRFE B QR AZMARYES >

B SR 3 0 AL AUEBER R - 4R AT 50 A Least Squares Fitting #9 7 &,

S EE PR AR R B B BRIT o

Bl 8 Least Squares Fitting &5~ & B

#| A Least Squares Fitting &9 B A% & > B4 4§ © &R 2| 0y AT BB 25 &
RAE R (KPR A &R AT 218 204k 8 ) 0 3B B — 4R A T At &Y ShF
A LT -
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ATEA R AR B A X AR E T ITURMRE BAMER A RS
e BbE AT —ERR R 69 E 0 B EER L ey R E o BAME T A
AEAgdEEROBREASRETEE - ERAM A0 FAHAF !

fab)y=a+bx flabR&FFEHERGAEGTEK -

LY

n Z:l:l i {a:| —
Z?:[ xi Z,i[ 'xi2 b Z:l:l xi yi

FIFA AT BAE 25 AT AR89 f(ab) R T SAH B AP By 3R 69 A B 25 AT S

} 4o b R AT A E H ab a9 A o

Eo e RFRANE RS RAE TS AN A KNSR -

3.2-3 Correction Model
e AR B e o fa L — B St sk BB R > B AR E—H4R
Pl E 4 fab) kb F 20 S EME R/ HRARARL - RAABFTHR
R B BEAE -3 0 (R FT LAAT Bl AR AL A L IR R ST Bk UL E -
— R ERT > RATRA EAE —F 04 F 2 RO FALT > KA
CHBRERABMEL AL AEBEVENT VAT S ok @n T2

BRI AR PR ©
3.3 Classification Model

F1M %F — 5k 48 1% E ik 89 Camera Capture Scene XA & Stroke Detection Model

Ay KR IEML £ 2T H B ORATRAR I 325k 69 BLIFEE &1 -
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9 LUEEM AT R ALCR”

DAHABERR  BEFEMBAEOEREEEMHEF - 2R BMMER
foo BRBEZAE R - 3 —He) TR A RMEE B0 £ Hr E 3
RBEEHT XM - RIIWERBA T Ekad F30 0 4 seHieHirfo Word
Database % ] & & » # 4T ¥ H¥al ey T1F -

Wodo AT ATAR B BY 0 BATRAL T MARMAEK 2GR E WA 0 AR IER
FEE N - IR HE TN 0 A5 09 B — RiE T et AMA—EE
TG EIMARRIZ TR - RAAS ZTNEE hE AT PR L
WA LR B 09 Rk o {2 & E B8 AR ey 12 mAR ST S AR AT X £

Classification 2} 4 7 Fl 843 7 VE%- B AR 21, ©

3.3-1 JE:2E oA T R

FE IR BN T RAVIRIF BT 2 ] 84 T 8 > A BT SR R BT v A B A

TYPE 1

TYPE 3
TYPE 4
TYPE 2

B 10 JE2EMI AR
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BT EBRAETHWEZI ) RER AR BTN BPRFEA S
FAEIF o TR IEE BN AR AT o TEBSR— LT F R
¥ Bhe g

._\ ¥ 7 '.__
l f | 3
= ! |
! ] c
b |
.; | —y
', ‘_{. \ N, g / \

11 aAERENEENT

EBHPI T AR R RMTE R BB K A RLHIFHRINE

Mo plaREAFEYZ —aiEdE c AR T ¢

Trgntt is a secuence of cordivons points! a stroke)

R e e L R e R e e S e s e s e . grrererans s e St
First Steble Dirsction Setp ¢ : £ ffirm Cther Stable Duectlons!;
Connect with the presrious point as a wector ‘ Connect with the first direction's average position |
; L : :
According to the angle According to the angle
classifiy this wector to 14 i : classify this vector to 1-4
+ : i
Increase the "ge" of the classified direction : the clazsified direcHo
Decreaze the "sc" of the other ditection : i irpcts
+ : H ar :
i cotresponds to its squash function S‘ Flag of "change direction'=tre

- -
L T T T T PP T T PO P T

Flag as the first direction :
Compute the average position of the first direction |3

Cutput as Sth stroke

Fessafsansensasasnal

FITCTTTTrT e

T ) Y e T T e R T T

Cutput as first direction (if it appears) . .
or the direction has the biggest 3r=c) Classification Model

12 Classification Model(JF i 48)
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Sk BB A A BB © B — B & B I Rt 5
© 0 3R &AL A squash function g9 4 0 B 44 1~4 WAk vector —Hi 8y
#edsia 0 MG % evidence (i3 184 evidence A5 89 2 sequential &9 #MIF 5 %,
— B EGEBRFMA) A 0 1RIE evidence K& 8 F & 0 4B F & 8y
vector 8944 b 7+ R 77 ey 49 4A T I o M % vo {8 vector A5 ey B >
#J& 2| squash function #91& & 4 46 $t ey %L > M S ME BE R K 09 R B E BT

WA FARTIAE T @ 8 T AE M iR 5 ° UA T 1B A2 #F squash function &9 ¥ B 5 ¢

12

08 r

06

04 r

0z r

1
1+e*

13 f(x):

ke ik A4fmt—ETRIFaGE > 22 F EEH & vector
HE f(X) a9 Rt SAe 48 F & vector & RSB BLIR 8 F — B4 T &
WE WwREMALEESHEAWE PRSI THRTCEBERT - 2R
FPXFEERFAEAFEANANELT LR SABITHNEL  RMTR
B F BRI -

A T EFEH PR SR R B R — B Tame g X
BotEBE ARSI aaE T ok THABKHREZ T AE—
BBk ARt BEH A RRARNTOQERT 0 E —
BT @ 248 & 0 B T &) 835 & B T 0 FI BRI -
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i Eh

% TYPE 1

TYFE 3
TYPE 4
TYPE 2

Bl 14 % BT eY H] T

B LB AR 0 H BRI BT a2 A TYPEL 22 EE+
SRR BB HMAEN T OB R E R TR TSR ESAT

TYPE 4 Fv TYPE 2 > [ pbig B 35 A\ Shi @ @ 4% A S 97 A 5% B SR ShF o

3.3-2 B WEIAT R,
LUK BT A 0 B RGN T RGBT > RIATUFE T

B Z B SITE R -

TYPE |

TYPE 3

TYPE 4
TYPE 2

B 15 KeyE & A E

FEREHIARK T ZMWAFANTBAERAERABITHES
AAALELEER — B MM LHER T s PR ELT R AE L —
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AL ETRGASHGY  EEHEEIARTEINNETELNE

o R IE 4y e B AR > &AM 7T LA E 45 Word Selection Model #4225 2k Ag ik -
B AT FRAT R B R IERE R 4 G BT — — IR B AR PERBP T -

AMEBNIERE I BBl EBE M OMEE EM TR ok
BAELHAELHERMRFAZRYRERAL  — K ¥ XFEBRIMGBRE > #
VYRR LELURAEL L@ EE Rk A T 5 350 F 3] 2 ] 6) BEkE
Pk by TAF B w3 A # 40  RAPT T S48 B 42 35 304 49 B A PR AR SR APT 69 HF 38
B -

5L JBE B W 0 42 AT @ AT 42 A& By Vibration Model » o4 78 f2 3% 48 $h A\ 89
AT 32 F AT/ 18 B #9145 £ o B 2 Vibration Model &) A & & .70 X £ 3548 2
Sha AR B 0 E & o IR RSN & B B F F SR 00 X R BNy & 0 @R
$1% Vibration Model 777 #2% #9 78 ] S5 12 @454 ShBMES 4 5 0088 4 M B ok
kB MEHR o« MR T A 38w £ — AR R L E R SRR B B
I 8 G ey PR BS  [£/K Vibration Model Fr33 4 78 RIBE e 4 & > BB B M
1R R BEAL £ RG] - o gk — 2R BUBFBY 454 7 8L & B » Vibration Mode
HE R B AE TR AR B 4G IEBRER 69 T &) 0 Bl ey R R LR T SR AT AR R -

B b > B ARE s HE

Irptt is a sequence of continos pointsy a stroke)

| Connect with the preswious point as a wector |
*
According to the angle
classifiy this wector to 14

Increase the "xc" of the classified direction
Drecrease the "xc” of the other direction

|;§2 corresponds to its squash function Sl

1sts Srxc

Output a sequence of directions (if they appear)
Classification Model

16 Classfication Model(i& &%)
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3.3-3 Conclusion

EB RS FRAFEEMARR RGN AL EeK
WO MIBRB| ORI F BB R BN RGEIBFEFART - HTR
Word Selection Model # TA4F » 3% 45 R IB4Fe9 2 £ 0 E 3 > 4£ Word

Database ¥ tb#f > ¥k i s A AR B F o
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FvgE IR M- F B G PR L ¥
BhlE—FeREL  BMCEREFE THrEANELIHFTEIE R -FTH
IHBERTEE T EREBEGIRERMELAEZENF - BEZXEZANE

Word Database F= Word Selection Model -

4.1 Word Database
1£ /148 Word Selection Model Z 7T » #41% % 8% #27 Word Database 42 &
SISV ESChEEL VI P W FCE Y & 2R TR
Word Database ffj #8930 » s A KM A T EASKMB O — AT B8 EH
ERTHAD T XF RN ARGT T T R ke AT B ARIRE G B Ao JF i
FHEMATRE G E R @B %HB TR e

4.1-1 FEREEAHAT R

AT AR R B 0 5] T AR #k ke T 48 — A% 5 encode m &AM E Fog B
7

+ = o+ =121

Type 1
type 1 type 2 type 1 -
— — Tty
ib=1t-4b-4t-4b= 3215 =
type 3 type 2 type 1 type 5

e =Jege ge fe,0e 72,72 72 = 43535121

type 4 type 3  type S type 3 type 5 type 1 type 2 type 1
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