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Free Curve Shaping for Interactive Sketch-based Drawing
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Abstract: Shaping techniques for freechand curves are required while drawing with tablet devices. In fact,
several techniques have been proposed, such as the one that splits curves at local feature points, the one that
splits curves into aesthetic curve segments, and the one that is based on design principles. However, these
techniques are not necessarily intended to be harmonized with geometric drawings that consist of mainly
conic sections such as line, circle, circular arc, ellipse, or elliptic arc. We have proposed the Fuzzy Spline
Curve Identifier (FSCI) for interactive sketch-based drawing interfaces, where FSCI identifies each freehand
stroke in real time as one of the seven classes of geometric curves, namely, line, circle, circular arc, ellipse,
elliptic arc, closed free-curve, or open free-curve. However, FSCI includes no method to shape curves that
are identified as free curves, namely, closed free-curves or open free-curves. This paper proposes a free-curve
shaping method which is suitable for interactive sketch-based drawing interfaces. Our method immediately
responds to each drawn stroke and shapes an identified free-curve into a G'-continuous curve, which includes
conic sections. This realizes a sketch-based interface for geometric drawing in which all the seven classes of
geometric curves, which include free curves, are harmonized with each other.
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Fig. 1 Membership function of a conical fuzzy point.
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Fig. 2 Geometric drawing by FSCI.
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Fig. 3 Difference of identification results by fuzziness variation

of FSCs.
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Table 1 Fuzzy rules to identify seven classes of geometric

curves.
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Fig. 4 Update of a geometric curve using S-FSCG.
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Fig. 8 Candidates for segmentation points.

3.2.4 3 OMHIGTIMEERAIET 2 3 DRERTI Ty
7 25 PO MR

3.2.3 THTH thtﬂuﬁﬁﬁ®¢#%rL“ﬂ®*
T (3) 2ii7=3 8 OFHIEA > 7 v 7 A5 PO %R
DIET D, TOFERETIE, WBEH,SES FSC %?ﬁfl,f*
o, MR NE RSB L, ZOETHAT 50HE %
MRS, KAT v T TREOAT v 7OMEEFHT 5
& CEIYRETENE & FARICHET R Z BT 5 e TE 5.
BARRIZIE, TNf®j€Um AT LT /g
KR, Py 3 &0 g, %UT(DJ:') kT, KR

FRAEL TV 72720, P 35 FSC 8y,,, ORH%
SEIEA VT 7 AFITH B,
jc A DIFE

Pj = {pZ \pé =0, P{ = j}izo
b;
Hoj = 10,5 (C'S)
jeA I1<i<m) DFE
P; = append(Py, j)
Py
o5 = Ué),);c A g, (CS)

72721, append(X,z) 137 X OKREIZHEF «
Walkd., 72, kel £LT

L7z

k= arg maxuo A i (CS),
€K

K={kK|0<k <j rp;=CS}

%ﬁtszTzﬁx%% ?é "f:ngﬁ@ﬂ

p]ﬂ@@ﬁ%ﬁﬁ(wib,ﬁ4§k<w o i
T ppl Ak s (CS) S H L 2 5720, “HHRFIZE VA

Ik ZHRET LI ETE L™, BRMICITHWEE
f:I—[0,1 %

fk) = pos A i (CS) (g <k <ply)
0 (otherwise)

EEFL, INERAMET S EZDTOGHERICLD

k= find(pt,,pi ) KD .

Rk ORFHIBRERE R AV IUE, MBI L ORI
B2 On?) %%, LiL, uhh Ape;(CS) BHIETH %7

O, k OBWRICIZpHEREH NI T3 THH. THICEHH
ARG LOREHEI SR IE O(nlogn) L% 5.

© 2018 Information Processing Society of Japan

9 S
Fig. 9 Segmentation points.
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Fig. 10 Conic sections.
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Fig. 11 Pruning circles.

find(c+1,7) (re; #CS or
find(l,r) = fle) < fle+1))
| find(l,c—1)  (f(0) < fle—1))
c (otherwise)

1L, c= [ TH .

WA j=n—1 & 7o 72HEE T & DRl 7 435 5 A
YT 7 AN PO =P, tfﬂf%ﬂé*g. 55 N7
BA YTy 7 AFNHRE L7z FSC Lo %1 (5% 5%1) %
X 9 (2R,

3.2.5 MR DERK

324 HTIESNT: s DI L TEIEA 7 v 7 A% P

(AT 2 Mg QP = {gF }g&%é&T%.m
ARG 2B 10 1R

3.3 MaEais5I DB L

M5 f#51 QP XA EAICB VT Gl TIE v, 2
T, M1 IR TEHNICT 7 VA4 GEEDT 7T F AL
o U728 0 A B X - T & 2 o J5 BH o> P Bl oo — 5B
DR, Z0%k, ANEkkE 7o 72845 % 3 Kk Bézier Hi
WX > THERTAZ 8T, ke LT G HEFICEEL
N1 RKOMBHEE 12 O X HIEKT S, LT T FO
DAY AR L FEH D BARN 22 k2 305, FC IZDW»
TOFRKRICEET 5 2 E3CTE 5. 7272, FC Tldmik
HIZBWTHA Y AARB I OHEREZ2IT) 2L LT 5.

O3 DEEGSEEA VT 7 AN\ ERREE T B 25, PO
EZF0HIbn128%5

2293



BERAIEF =R EE Vol.59 No.12 2288-2298 (Dec. 2018)

12 AR
Fig. 12 Shaped result.

i Ti—1
P P°
q; 91
/ C; C;
c; - ~i
C; are, d,,
O;

(a) 77 I 1 5 EIN (b) X D AAM (c) Bv TV v I LT

77T+ giHl
Th; Thi_y
b by
b;
b} by
(d) e (e) 3 ¥X Bézier Hhifk  (f) FHEHifL D IR
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Fig. 13 Pruning and re-connecting at a fuzzy segmentation

point.
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Fig. 14 Effect of free curve shaping for F'O in Fig. 2.
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4.2 FEHRIK & IRRSTE
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Fig. 15 Shaping for “Swan.”
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Fig. 16 Shaping for “Flag.”
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CA EA L oA
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17 [3v ] 0¥
Fig. 17 Shaping for “Yacht.”

®3 (A7), [77v 7], I3y M OMMBEERBE X OEBLE
HRE
Table 3 Drawing times and processing times of “Swan,”
“Flag” and “Yacht.”

FHWIRER [s]  BEPALPEIRER] [s]

(27 11.62 0.97
[75v 7] 12.10 0.91
IEFAN 14.90 1.00

18 FHEZZAIu—7 7o) ]
Fig. 18 Freehand stroke “Snail.”
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19 [Aleotel) | GHEEE 3 f5) ORTF
Fig. 19 Shaping for “Snail” with 3x drawing speed.

20 [h7eote b | (EHGEEE 1 1) O%E
Fig. 20 Shaping for “Snail” with 1x drawing speed.

21 [H7eo6h) | GlEGEE L %) o%E
Fig. 21 Shaping for “Snail” with %X drawing speed.
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(a) BEFD FSC B & (b) K 22a 12T 3 (c) AlEHD FSC B
UG R BREEXZA o —2 JUEPER

X 22 {ER7 77— a v OBE6
Fig. 22 Behavior of the drawing application.

23 Fhd XL 2 EEHROBREIEDOH
Fig. 23 Updates of shaped results by oversketching.
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Fig. 24 Effect of free curve shaping in practical geometric

drawing.
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