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A Character Segmentation Method
for Aerial Handwritten Hiragana Characters
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Abstract: The aerial handwritten character (AHC) input system is employed in user interfaces for the recog-
nition of a user’s aerial handwriting gestures. A conventional ACH input system cannot separate sequential
characters into individual characters automatically; it requires the user to perform this task. Therefore, we
propose a character segmentation method for the AHC system. Our method separates an AHC trajectory
into individual characters by distinguishing transition strokes from character strokes. Experiments conducted
to evaluate our method showed that the detection accuracy of transition and character strokes was greater
than 93% in the closed test, whereas it was 73.3% and 88.8%, respectively, in the open test.
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Fig. 1 Display screen of the proposed system — An AHC tra-
jectory is superimposed on a video image of the user

captured using a USB camera.
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Fig. 2 Example of AHC operation (“ai” Japanese characters).
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Fig. 3 Block diagram of the proposed AHC segmentation
method.
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Table 1 Specifications of the PC and the USB camera.
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Fig. 4 Fingerstall for fingertip tracking.
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Fig. 5 Acceleration of the fingertip on the character trajectory.
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Fig. 6 Linear regression of a stroke and stroke straightness

index.
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Fig. 7 Stroke direction index function.
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Fig. 8 Example of class separation of strokes.
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WL 2HRTIRRL, FERLHBOY A I ¥ 73RS T
7.

4.1.3 WE U =XFHET — 2 OFFH

N7 MVEFAED T = KTy 7 2T 58 T7—%
LT, AHC AN T AT LIENTZ 20 LB 1 Z05%F 2
RS 2 LF 50 Ml EE WU T — 7 2R L 7.
F 2050/, BT O7 T AL o TEMESIERL
7RG DA S EREFFICIBI S N TV L HEEZ KT
FECER L7, ZO50 21, UFA PO —27 386 K, B
BIA b0 —7 50 ROSEHENS.

—7, ETFHED open 7 A b D72ODOANT T — % &
LT, AHC AN AT 2% ¥ THAT 5 20 25 40
OB 10 %, W5 Z D7 15 AW T 72 LT 7 —
yRIE L. SRR, 18D SMEAIRA 2
LFEI0MTHY, WFAPT—2786x15=1,200 4, &
A RO =27 10x 15 =150 KCTH 5.

4.2 2 bO—7HEIOFHE
REFEEZHCCTLFEWIR A A ba— 2712548 L7z
=B 13 1IRT. DERERES LG 0A LI, Abu—
7EI S NG T ETCFIRC RIS R L TRIAR L
7o W3 IRT & 918, FEIKMDL {id O FEER,
@ FEkwv, @ A bu—24l, @ BE)A bo— 2Kk,
® A hu— 7o 5 HEICHHETE 5.
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12 AHC 7— % Ot
Fig. 12 AHC data recording.

&2 ELBIC & o THR L 72 R4 50 #L

Table 2 50 sets of Hiragana characters generated randomly.

BV, H,HE, HL, B, HY, 0, 0L, 0T, D
W, 2, A, BT, BE, &, N, D, b, <
<L, &0, 8L, LA, 37,374, 720, 72C, 72

L, RO, R, D0, F0, FA, O, 0D, 5L, A~
LR, ED, ED, A, D, DA b, 5T, 5L

OE:&jEHR OBENA o —7 ik ®XFD ﬁ
@Ex ;

@A bw—24;

®X%H 2 Wi
13 A bu—755EIRMob—FiE 5 DICHF L

Fig. 13 Failure case examples of stroke separation — Failures

are classified into 5 categories.

O TFEEAL, AHC OFEZIHOREEXHDLY TR Y
T, TCHBEFHA M-8 L5, @ EEkn
X, AHC OFFRLFICHELEIROE % E pricgE s
Ko 722D HRA MO - ELSL. @ A bO— 24
Wi, AR1IARTHLREA MO =7 DA I~
oM ENBBETHY, X bua— 7l cERLE I
WAENET A2 EGAICEI DR T, @ BE)A bo— 27
K, XFOMEERLERLBTOFEZRICLY, HifcO LT
DOWABEA b — 7 % A S THEHEERTL2HRETH 5.
® A ru—rfEE, A M- OPNESERTET,
QRDANO =2 OB LIHRTH 5.

T3 LKXAIA M- FHORERERT. Kho
FARE 1P RLOIEN LW & O/ % D% Sk 05
A O—2 &L, BEA MO — 25T S E LTAT
A M= TH L. GEFER IARFEIC L) SO
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£ 3 AHC #ME2 o408 SIN/A bOo—2ONR (FEEFHT7F—%)
Table 3 Breakdown of stroke separation from AHC trajecto-

ries (training data).

Z bO—4 &R XF (X) BE(X) 21k
BREAK 386 50 436
N B 442 49 491
;’u h 360(93.3%) | 49(98.0%) | 409(93.8%)
;t 4 (086 82 0 82
5 ® | 27Ty T 27
BB - Ao
@ - 0 0

® 4 AHC #2508 SN2 A Fa—2 oM GHIENT— %)
Table 4 Breakdown of stroke separation from AHC trajecto-

ries (evaluation data).

R kO—% &R XF (K) 28 (K) 21k
BAEARH 1290 150 1440
N fa 1898 156 2054
2| 5% 1266(98.1%) | 141(94.0%) | 1407(97.7%)
;t 5 O3 632 15 647
5 e | 24T 2T 247
BB -
@ — 9 9

EAMO—JIEI LR TH L. BRI 135H o
BONLZANOT—2OHTHL, “HI IZIELLpEIS R
A M= 8THY, R 3SR E R 0 5
FRNCAERT L 72,

D »5 @ DHEFMDIOI, REA T — 7 hE
L, “HEAE 1 LT R S EoTwb. OB
U Q OEEKRTHELZERA PO — 713 FEA b
O—27 LTk, @ A Ma—245WTAhELZARMA
O—27%, sz A o —7 LR DR E LTHko 72,
DL LRIV ET LI LT, [BEIX bu—27 %258R
LTAHC 2 XF0E4 5] L vy RFEOHMIZE LT
&, @ BEhA b — 7 HERDAOGELRITR & % 58S
7\,

F3ERAWCABEHIZ, A ba—255E1E 90%2 1
DEVERRE 2> Tnh, £33 OFERIRLE 4 O
SEIRIERE L DR o oML, HEROBAEL, ¥
AT LENT-ERE O EERCHEE D AT 5 HI D)=
PBRRLIT T AN H L7200 TH 5.

4.3 I—K7 v IDMER

FEM T = PO A MO —2 (PR MO — 7 442
K, BEIA b O —7 49 K) OFH~< 27 V& v, k-means
B Lo TR MVRFALD 720D T — R 7y 7 ZEEK L
oo I AFEIL, WEA O —2 16, BEIA bE—2 16
L7z, ZDD, a—=K7 v 7 OMRFEXT PVEIE 32T
HbH. T, MMEEEZ Z T k-means % 10 [[# D &
L, ¥BHT—2 IS LTRBBA P —27 L XFA ba—
7 OFHEBREP DBV OE a—- K7y 7 & L TR
L7.
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£5 BEHAPO—27 EXFA MO — 7 OHGIERSE

Table 5 Detection accuracy of transition and character

strokes.
closed T X k open TR bk
Z2 kO—% (BERAT—4%) GHERAT—4)
bl APO—=Y (X) | EFEFE | X bO—Y (K) | EfFR
Efg | BH %) EfE | BN (%)
ERLL | BEAK EBAELL | BEAR
s .28 oso | %0 |Tho T 1so | T
EHEHY | HE 050 | EEBY | HEH 44
43 49 : 116 156 :
XF 411 442 93.0 1685 | 1898 | 88.8

4.4 X bO—7HBIOFH

WRETFEOMWREZ T 5720 A2 bo— 2 HFIEK%
f1o72. FEHT—412X 5 closed 7 A b EFHIHT— %
12X % open 7 A b DFEREER 5 IIRT.

XFA P =271220T, O »5 @ OHFELMTE
U72ERA MO — 2 0538 T A b —27 LRI En 5
L, AHCHSIE L XXFICmE s e, @ A ba— 7
Lo TLFEA M= RbNTh, LFEFEHORR
ICHEEBLE5.2 7\, Z0R0, LTFA MO — 7 OF#EE
1, %3 BLUOE4LOBICHTHEROLERE LCEE
L7

—F, BEBA IO —=2712200T, @ BIU © DsHI%k
MCTA Ma—=2rdkbi b & LFaENdkiiy 5. BEjA
Ma—=27723Q A M= 24 SsNzga, gRish/izx
FE—27D1ARTOBEA ba—27 LHFISNIE, T
SEIE LTREST A, 200, BE)A O — 27 OIEfR
L, HAEREIST 2 EHIERE BV IEROILE L L
TEHLTWAE, 72, FA a— 2 Ol & 50 % Hi
ZBHBEWRT, B L CERER T FTHEOLEMED
Rt L 7.

LFEAPT—=271220WTIE, FHHAT— 12X % closed
TANEFHEH T — 712X % open 7 A b & HIZ 90%AESE
DEWVIERRE oz, —7F, BEA bu—27122o0nTid
closed 7 A b TlZ 96.0% & B\ IEFSR & 72 o 7275, open T
A N TIE T3.3%DIEfRER & 7 o 72,

open 7 A N COBEIA b 1O — 7 DIEMERDELD—H
X, A b —=70ETREIZ5E KM D, @ 12X ) EH)
A b= Hhhkbhb Il ThHb. BEA bO—27 OIEMRF
A PRI L TTid % < A EIR ISt L CREE T 5
&, open T A MTH 78.0% (110/141) & 8 HHL WV EIE
fERE L. L7zh->T, |ELZS5D204EIR ) T H%
FELTWwh vz, AbO—2758ICBWTHEA MO —
7EEDLLEVWIIICTLLIERFILETHL. LorL, @B
A M T — 27 HEICONTIE, LEOMGERELEDE
SRCEHA D B2, |EY AT L OB TIXERT
SV, ZOIIOVWTIE, EVATLEERL LT T
O—FPBRETH 5.
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B 38R0 —SEMRR REFZE

[] xFAFO—YERE IEfRZ

9(6%’2 882 89.1 89.1 89.1 9.1 XF
—- - - - 88.8%

o 49)
-4 - 733%

66.7
—Iss —Isd —Isc —los —Imm

14 1 ODEZZIE LA 0 A b O — 7 EfER

Fig. 14 Stroke detection accuracy when one index is omitted.

4.5 JBEEOZX rO—-7HRINOEBE

RETHETIE, 5 ODRIE (Iss, Isd, Isc, Tos, Imm) %
AWTA e =270l %24ToTWwAh, b 5 DDIEE
DA M= ZHBNGT 2HBEZFTRL 72012, 120
TR Z PR 72 4 RICDFFEANR 7 PV RV CTIRETE L FH
CHETA ba— 7B 2 A2 ERETo72. D&, 5
DORED ) b Iss FHROWTHE LV AT L% “—Iss”
EEREL, OB EICOWT L RBEICETLT 5.

X 14 12, 1 DOIREZ W7 4 RICOL#N Y b L E H
WY AT LIZDWT, open T A MDA MO — 7 EfREE
RY. WFAPT—=Z200WTIE, ED 1 DO v
THREVATLELEDLS ZVWIERESE SN, —7,
BEIA bO— 271220V TIHE, 6.6% (—Imm)~2.6% (—Iss)
BT L, COER2S, Imm > Tos > Isc > Isd > Iss
DIETA Fa—ZHBIZEBLTWAEEZONS.

Iss X Isd lZA MU — 7 QOEBERH M EA ba—2
HMOWE %2 ML 728ECH Y, Isc X Tos, Imm |38
BOANO—7 OET ) HRMBERGREZ KL -IBETH
L. MIFELYBEOTBMENBSMEMICHSL Z L6,
P — 7 EREROMEDZOIZIE, AbE—2E) LOM
FRICEH L7IBIEOBEANEN TH D LEZHND.

5. b

KEFFETIE, AHC OLF LR EZ A bu— 7 125E L,
XFEE) Leok “BEIA Mu—2" 2 HEIMIZSRT
BT rIZEoT, dficEr N AHC O FHE %47
FHEREL, RELLFHEICLAA ba— 252D
W R FEBR & 4T 5 7285, closed 7 A b TClE, BEJA b
O—27 & XFA M= 27 BT I3%LLLDIERERE % o
72. open 7 A NTIE, LFA b —271388.8%, BEHA +
0 — 713 73.3%DIEfRHE %1572, open 7 A M2 AHC Ay
VAT L RO THERT ARHEOEL LT Efio7z 2 L
ZERTHEBVIEREIEONI LV .

—7J5C, AHC & L CTEDPNL L TOMEERFHE D
FLOREICL Y, BEJA O — 7 2WHET L6070 &, MES
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bHOLNE o7, CORERHRTENL, BHA o —
7 DIERHR % SONREEICTEX AWRENNH 5. EV AT
LZOFERLIIANT T, HFOMEL L IC4HOTEE L
72\,
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