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Development of a Dual-Arm Drawing Robot

using Line Segment Approximation of Image Edges
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Abstract

This paper introduces a dua-arm robot painter system which is capable of sketching a

camera-captured image with short line segments. To express various curved edges in the image by
combining line segments, we first apply edge detection algorithm to the entire image, split the edged
image into small boxed pieces, and then apply Hough Transformation to each piece so that the edges
inside the piece can be approximated with short line segments. To draw the picture within a reasonable
time, we designed a simple dual-arm robot system and controlled both arms concurrently according to
linear interpolation algorithm. From the experiments, we could verify that simple linear motions can
describe various images effectively with aunique brush style.
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Fig. 6. Dot image, line image and line segment image

o

§eshaol Akt 39S o 4 ik

2ol
M
il
1o
Nl
i
1)
ox
o
I
o
)

= g 7
Az e A 2Hgke S8tk Aale skt
Ade7iz]e] doldl Az, Aol U= Z=E AXlsiL
ByRA wHo] Y= A& ARk mwxdo] givkd ek
Aele Axtsto] HAE71e]e] AwdE gopfa Ay
o lehdl Ao Aor FA= S whEsh= 2o
oL 2 = Rof i Ade) 2SS §-83te] Fig 72k 2
o] dE-E TR e Yk

A e TiE Adws 2skL viad s 23
gk AAE F RS Yo R sk Fg 83 ¢t
71% ARt Hi ARE A, oAl 4R Aol
A (M o] 8 4= gk

A6 = tan‘l(ﬁ) - tan‘l(ﬁ). @

4 (o] AR Brh A9 ohE AR uasie, 134
orom 7| Alie] B} wlaL Ao Aate] Ae)

Selection of two segments I(

Included angle > 6.,

no

Vertext distance > d,

yes

yes

Grouping
segment

Have a node?

no
Shortest distance > d,;,
yes

Fig. 7. Algorithm for grouping line segments




144 23:5t5) =57 A0 A3 (2014. 9)

End Point (x2, y2) End Point (4, y4,)

Standard Segment

Comparison
Segment

Start point (x3, y3)

Start Point (x1, y1)

Fig. 8. Example of segments

d=/(x3 = x%)* + (y3 — ¥2)? G

4 @2 A7k Fhdeha 712 8ol AR (r,y)
ol ] B A (¥ U AR AEe 9
o 51 AR Ajole] At Aeky  Aie] mA

AR mge] AEE Rt Zol Ttk AR
[e]

rulo rln

p;

rn=02=y) = s—Y3)
s; = —(x; — x1), S; = —(x4 — x3),
t = X2Y1 — X1V, by = X4Y3 — X3Y4

OlmE rx+s5y+t =0, nx+s,y+t,=04 o, o
o] #3t= 4 (9 2ol Hrt

(51f2—52t1 f1rz—f27”1)
SaT1—=S1T2 SaT1 =112/

wHo HAxE (xcvyc) E} FTHH x. = x5, %, & ARO|9}
X3, %, 8] ARololl EASHAL yo = y1, ¥, & AFlet ys, v, 9

Aolofl EAsioF 7 Aw7lE] wio] EARITh oFA 1

o =
B e R Suse L) B2 4

HlEa 24 3 Thge] EUA) ek
g 9= ) 314 olvllsh 25t g wsow

S
717 k] ol
clefe e Bl A AREE ARt TS

neer interpolation)©]

tolel] 4t 2

o
fo
_O|L
i)

X,
%,
H

N
N,
rlo
>,

N

)

o)

=

2&
S~

X =%+ k(xa— %) (10

ey

el e
o] Zo]o]

52 A4

L E7 A e, B AR e, X
kS 0%E 1 Z7AIC ko) Zhe A
whe} 3zbe] Altel HlEslo: ak7] wol
27} slok Bt k= 4] (112 2.

W fr md

0~[xg — XslAte] gholAl UAsHA F7iet
R n-"J %Aol 0~I%7 — KI7HA 271k b

asta, 49l Zol7t e nd

_}ld
| >'ﬂ!
P
N
2
)
e 2
fo
_0|L
7‘1
o
ot
hY
m—-
1o
&i
rlo
j?t
i)
gz

ELIEY 5—}@ A ﬂdﬁ}x] B3PS E7P°] ] 0111741 e
E9°] o2 wuiet 1 F
HEEY ZE g ALt

AL ooz ooy oy m¥ L
2 S
_OIL
T 3
) =
= i
X i)
ol >
) m _{N
i)
lo

Fig. 9. Detected canny edges and grouped segments



o714 5844E 3t ol fE AYsAY, X AAHE
TEof o] 8H REQ X4 Ao Ze= 0.29°0|th X4
¥ 71 £2he 0125mo|t). 53418 0.1560mo] B

4 279 ®r} ok InE suAle gct o FAg. 10
of HQl AT A, = wgkow HMEE AE9

Grey Scale image

.\\-_‘_l . / - y T
P\ B\ |7 A b
Line segments after cell-wise

Canny edge image )
Hough transformation

Robot drawing

Fig. 10. Images generated during the process

38 &

Aol 7HERE S8 22 98e HAE 9

[=o
N
r)'
1o
=
iid
¢
u
S
e
ot
opp
&
o
i
R
N
fu
L
o
=
P
i1
=
N
o

ﬂﬂﬂﬁ%ﬁ%&ﬂﬂ¢dﬂ sl 1 g
Oﬂ :LE% = 2R *l*‘%l
N gshom, el 4 Yool ael 2 22 Aoll
7] Slstel 7| pake qwelgch HFAOR THE 2

B 37t A2EE TR SRS o] gslo] i uke
A om 2AAS

Ao 17l Igo] uh Y e AES
S TR 991e] @A g3t Aatolr). 594
7] &9 FAYew QIR A o), 2E A A,
AsHR] oFe Fo] upE W 7|zl Ho EE O
lsl] AA| wlez 9 ol 2 AR ARt
B 27} Eolkth 3 Awdos dAE 7]
shgshE olulalE o Aol HAT » 9 A
AG=H, Lozt 3*0@}94 - EX&‘L&‘OM Eag Nl
bag Agtet A

S5 A~ o
figEa IS i

ho]

° M
H

i me

=
| 3Rt

<

lo

R

oz 7|k

Ices

[1] SangSang BdJeonSo, “[IT/Application] IT Fuson
Contents, Meet the new strategy”, http://koreanconten
tkr/1572, duly, 2013.

[2] MK News, “Moon YeWie - Korea Culture Technology
Ingtitute conducts fusion between Art and Technology”,
September, 2013.

[3] MediaTrend, “Wonderful
pictures’, August, 2006.

[4 Robot new, “Robot, debuts a painter”, http://blog.naver.c
om/kips1214/40193224831, July, 2013.

[5] wired.co.uk, “Patrick Tresset's robots draw faces and
doodle when bored”, June 2011.

[6] S B.Mooned., “Intelligent Robotics’, Scitech, 2010.

[1 M. Y. dung e d., “C# Digitd Image Processing”,
MireaCom, 2005

[8] S H. Jung, M. H. Lee “Image Processing
Comprehenson and Utilization usng C’, YeongHan
publisher, 2003.

[99 D.J Kang, J. E. Ha “Digitd Image Processing with
Visud C++", InfinityBooks, 2010

[10] J Y. Kim et d, “The Iterative Straight Line Clustering
using Blocked Hough Transform”, Korea Inditute of

painting robot drawing



146 22515 =22 Ao ABE (2014, 9)

(1]

(12]

Information Scientists and Engineers spring workshop
presentation fileVol. 23, No. 1, pp2-3, 1997

D. Cho & 4d., “Facid Feature Tracking Using Adaptive
Particle Filter and Active Appearance Modd”, Journa of
Korea Robotics Society, Val. 8, No. 2, 2013

B. Ahn e d., “Robust Red-time Tracking of Facid
Features with Application to Emotion Recognition”,
Journal of Korea Robotics Society, Val. 8, No. 4, 2013,

2y 7
2011~8 A At ARG
2% 3} A} 314
T4 2ok : Image

Humanoid Robots

Processing,

o A ™
2008~ FA ST HRE
REEER e

FH4) F-oF : Image Processing

g9 8
2011~A et R F
A1 583} &AL

FHA] -k : Image Processing

=d &

1987 M&tjsta Ao A S
&3} (384

1989 M-&th&ta A oA ZF
83t (F8H4 A

1994 A-&ohsta A oA 53
83} (F8HakAh

1996~8 A FA4thsta AR FA F33} m

FH4] B-of : Robots in education, Human-robot interaction



