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Transmission Distance Enhancement of Rolling-Shutter
Based Optical Camera Communications Using Digital Zoom
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ABSTRACT

It is highly expected that we can find many useful applications if a smart-phone receive signals from LED
lamps using its image sensors. For this purpose, transmission more than several meters is required, yet, it is not
easy since optical zoom can’t be used in a smart-phone due to its thickness requirement. In this paper, digital
zoom, rather than optical zoom, is employed to transmit over than 5 meters so that optical camera

communications can be used in the development of many applications including indoor positioning and beacon.
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Fig. 1. Rolling-shutter image at different distance (a)
short range (b) long range
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Fig. 2. Detection algorithm using digital zoom

www.dbpia.co.kr



=i UAE

5 o183 EAE J B3rtEAle] AR St

WA o]sle] g A Al 23 FAs= 7t =
A7} "HolAle| ule} AE] 2= 9 W ofe] Al
zAEo] T 3749 d3kE A WA o) ulebxd
% A7} 7Fs3t d=Rol= 7.0 FEE
o]-g5lo] AJE] A3 =2 1/16000, ISO 7S 20002
aAFo 2N ]I} o] I ofdo eolmix|E F
=8 5 sich LA = olvlA] =7] 2 He]
oFo] Fo157] wliell 27 ME]E Qg ON/ OFF H]
o] - FE-EA] edobA, HIE ] EAH R dlo]eE
Waly] oled §x= =Ae] gl webA] olF S5
317] S8l A" F 71sS o83kt

25 32 °F 1.5 7lE AellA A" Foll 28k
5 AE] ARl WstE wBeldh A" & 283
2] ok 27 3(@)] AF 2 line/bit X2 A5 A
=5 Hola gl=dl vhkelA, vAE & ARERE 19
3(b)olAE 8 line/bit JE & AU} 2713 7S &2
T otk 5 tAE F2 shljziERE] Bk oln]x]
o] 54 & glishz Aolr] el v]ERellA
LED #%°] ON/OFFE %% = 3= de] |l
A|a, FE FES] vt Rk 5] dle|

B o] 7PsabA Hek, e e A

Mo o

.|_,
al
o

I,
m
d
=

i

o
o
ofo
ok,
)
it
s
A
>
)
o
2
o
bt
t
o,
2
An)
)
i)

+ Ankshz Ao] 7hssiARE 24
S v ES AAsle] B4 A9
7} AsfE| . el o] o
g Aol = AERE 4
of] ¥ i=ellA+= 480%320 ©

(9%)
o
o
2
o
[rtt
fr

NI
&
(&
)

-
L
2
)
T
-,
ot
X

2

)

i
il

oo
flo de
[
R
2

e
o
o,

Nlo =)

Ex o}
, TAE Fe A8 A9 18] 30} el
dlele] siele] Sheiisle] vhehix)st o]ul |44« A
A 27 3o} 2 o] SA15 e, w2l o

o, N
i
Ju
et o

d

(a) (b)

Fig. 3. Data pattern with rolling-shutter at 1.5 m distance
(a) without digital zoom (b) with digital zoom
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Fig. 4. Frame pattern for digital-zoom based transmission
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Fig. b. Block diagram of smart-phone based optical
camera communications
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Table 1. Parameters for different distance

distance
parameter

1.5m 2m 3m 4m Sm

digital zoom 3.7 5.1 8 9.1 11.6

10 14 20 25 37

repetition
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Fig. 6. Experimental environment of optical camera
communications
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Fig. 7. OCC measurement results at 1.5 meter (a) before
zoom (b) after zoom
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Fig. 8. OCC measurement results at 3.0 meter (a) before
zoom (b) after zoom
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Fig. 9. OCC measurement results at 5.0 meter (a) before
zoom (b) after zoom
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