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Implementation of Real-time Virtual Touch Recognition
System in Embedded System

Soon-Kak KwonT, Dong-Seok Lee'

ABSTRACT

We can implement the virtual touch recognition system by mounting the virtual touch algorithm into
an embedded device connected to a depth camera. Since the computing performance is limited in embedded
system, the real-time processing of recognizing the virtual touch is difficult when the resolution of the
depth image is large. In order to resolve the problem, this paper improves the algorithms of binarization
and labeling that occupy a lot of time in all processing of virtual touch recognition. It processes the
binarization and labeling in only necessary regions rather than all of the picture. By appling the proposed
algorithm, the system can recognize the virtual touch in real-time as about 31ms per a frame in the

depth image that has 640x480 resolution.
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Fig. 1. Flowchart of the existing method of touch
detection,
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Fig. 2. Diagram of the virtual touch system in embedded
system,
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Fig. 3. Relationship between the resolution of the depth
image and the processing time of recognizing
the virtual touch.
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function Binarization(/; : Image) return B, : Image
is
begin
if P, is exist
SearchArea = (Px;.; — Tx .. Px.; + Ty Pyig
- T .. Pyes+ 1))
else
SearchArea = All Area of I,
end if
for each pixel (x, ) in SearchArea
if I(x y) > threshold

Blx y =1
else
B(x ») =0
end if
end for
return B,

end function

Fig. 5. Proposed binarization algorithm for the recog—
nizing the virtual touch,

Binarization area

Q&MM_____

e

Fig. 6. Result of appling proposed binarization algorithm,
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function Binarization(Z, : Image) return B, : Image,
bs; : Point is
begin

flag = false

for each pixel (x; y) in SearchArea
if I(x, y) > threshold

BI(X y) =1
if fAag is not true
flag = true
bs; = (x, y)
end if
else
Bix ») =0
end if
end for

return B; bs;
end function

Fig. 7. Changing binarization algorithm for proposed la—
beling algorithm,
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function Labeling(B; : Image, bs; : Point) return
L, : Image is
begin
for each pixel (x y) in B; from bs;
if B{x 3 is connected to B{bs,
size = size + 1
L(x, y) =1
if size >= S
fag = true
return L,
end if
end for
return L,
end function

Fig. 8. Proposed labeling algorithm for the recognizing
the virtual touch,

bs,
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con.nected pixel
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Fig. 9. Result of appling proposed labeling algorithm,

7

B2 dare|Fe] AARE A 7hs AFE FlE)
el daelE o] iy A o)X #A, 7
2 EA] Q1A AR o] FRALE S5
ot o] o Wt = Al2=Hle AHEE 7]7]E Ras-
pberry pi 3& AFE3FHTH Raspberry pi 32 1.2Ghz
9 = Z2AM At 1GbS] RAMS 433 Wt =
71710t} =3k o] ZhugtEE ASUSARS] Xtion
Pro LiveE AHE-3IATE ©] Zo] 7iuletE 3 27
NZH PR FFe FYFsAtt o] W F 100=#

d

Ue ZHse] L8 YA o ) 2 2
7 A e oF Umsol B2, AR M A E TE
a7 $1al e e Alzke] B3ms ol shofof ). B

Ad A= Fig. 103 2ol F+AF S
Table 194 = 7]& o] %3} Wz gy s



1764 ZEDICINES ==X X19A X10=(2016.10)

Fig. 10. Devices in the simulation,

Table 1. Processing time of virtual touch for each reso—

Table 3. Comparition of processing time according to
binarization method

lution
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320 x 240 680 x 480
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o] &3 RS W] XS PCY Hlasly] =337
Zoltt, o] wl PCAAE sz Agle] vl$- wh
2A 7P A daglEe] AHEARL g 7
71l E =7} 640 x 48021 7ol A2 &=}
T8msZE, AAS R 7Y HAE AT + ¢l
& & Ut

—

oo
o

o gose Mol 2t oA
A £ YEhd Aotk o] W sl B 4

Binarization Processing time per frame (ms)
method No touch Within touch
Conventional 25 25
Proposed 25 0.8
o e Aol ol E1X Mol 7] wEe
el iisk AR el Al Aztel Aol
A gtk AT 81X 29 Aeel s 71E W

Holl A 26msold o] X3} #2g Algbo], AlbdE Y
AA = 08msE A3 Fo5S AT F 3

olx1stE F4E epdg s WES 1€ WY
A Gd-e 2y st B, AbE WHel, 4
A7 A JERG-S dE AR st gl
A &8k S A 88lA S wWel A £5E Table
49} o] Hlw ettt 71& HE" WS 4835t
& = 2 3A Aol 26msE UE o, Al
tel ZHil"g HE 89S e bmsE EOE
ATt ol H ]% Tl AA 7L FF S Fol e
g FERT G4 T vErg gE0] w7 W&
o, gtileg 7N iﬂ]‘ F =4 vEd Ao E B4R
=3

7 B2 Q14 Al=EleA AlQbE HHES A §
3le] F A2 AlIZFE Table 59 2o Bl EA T} o]
o, AlRbR 0|3}, i WHE HE3He W, F
A AlZte] 3ImsEA, AAFC 2 TH BAE 43

r& Sl

l‘N

mlo

Table 4, Comparition of processing time according to

LHOH/H O]Z(li]' 1_7:“9]' %%oﬂ/ﬂ EH“F'\L"/] /\]Zl'ol Iabeling method
2892 ¢ 5 Ud
. Processing time per
73 B Q14 Well A o] S olx3} sk labeling method frame (ms)
B S 71EY YR, JAA G4 olRE) st W Conventional 26
W3t AbA W o] HA AHS TAHLE I Proposed 6
B GYihs ojxgsl= WS L8359 W A
2] £5& Table 37 Zo] vlu AT HAE 1A Table 5. Comparition of processing time according to
binarization and labeling methods
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P frame (ms) Conventional 78
Binariization 25 Proposed binarization only 56
Labelling 26 Proposed labeling only 53
Touch recognition 0.3 Proposed binarization & labeling 31
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Fig. 11. Processing time of the virtual touch recognition
applied the proposed method,
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