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Algorithm of Optical Camera Communications Using
Rolling-Shutter Effect
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ABSTRACT

Unlike conventional visible light communications (VLC) adopting photo detectors (PD), optical camera
communications (OCC) employs cameras in detecting the transmitted data. Especially, the data rate of OCC can
be enhanced by using the principle of rolling-shutter, which is the operating scheme of a CMOS image sensor.
In this study, we consider a novel OCC system for high-speed real time video processing to transmit high speed
data from LED and to acquire image utilizing rolling-shutter effect of CMOS image sensor. Also, we

demonstrate the improved performance of proposed system using a test-bed.
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Fig. 1. Camera image by rolling-shutter effect (a) image
generation by LED ON/OFF (b) generated image frame
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Fig. 3. Frame structure for rolling-shutter based OCC
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Fig. 5. Structure of an image sensor

1 g
A W) wAE geblEe 1% befsd ol dlele
BE 0RE A B, 4% At 9
e vs Aspl "k 29 62 $441%
Aels] A27E 75 em?l A5, A5 o]F s} 2t 3
4 g 2 o] HAFAS el olek o o)

= ]

Tk 31918 el TR A 1E ghow A
gste] 73 73} 2ol 912 ALSGEE 03} 1 F A9
Az TSI T SR 0 R B B
A ZA) AR 257 o]l x|e] Tt dlo]ele] o]
7k ok =R <3 W= 12 gpaska, wiee] 7
‘r{@ oﬂoﬂ) H]E 0og Iu S‘_r;],

gHH, 18] 7(b)2] o|x13}sk = 7} 8o zke-

2 415
de] 5915 B B gl o Al el
wol g /o] H=E TR Webd o e g )
Aeksle sk, 3, W il sG] ek

ER

regression

it
M

\1 “\ﬂﬁ

0 /(W\

row number in the image sensor

(@ ®)
Fig. 6. Frame image and its regression (a) image pattern
using rolling-shutter (b) Yi in each row and its regression
curve

Iv

\

sum of ' in each row [au]

w

www.dbpia.co.kr



| EYAE BIE o] 87 B3 kAl daeE

row number in the image sensor
1| T
09
o8
o7 )
o6

A LU QN

row number in the image sensor
®)

Fig. 7. Polynomial regression and binary decision of

achieved image (a) brightness sum of each row (b) binary

decision of each row

sum of 'Y' in each row [au]

data decision

w7} desleln ol2H o thgyl o] AulE
5= 9lek Aol Ry dlole] A4, FPSE w9
A7k 3] A, N2 o]wlA] ALk e] Blel AleE
ojmglc},

lines per bit = bit period = I/Ej
p lineperiod  (1/FPS)+ N
_ NXFPS )
B,

N=480, FPS=30/sec, R,=1.8 kbps ¢l AS 7+ uE
o gjal s ohga gk

480 < 30

1800 3)
= 8lines/bit

number of lines per bit =

Tev 9] AR 30 fpsE LA Al A
ol s, AARE 7 9] 52 7l ule}
ZH ] o) uE Ql Thgs feAlelrE B
Aol A3z o= o] & Wl st ShellA
AAEE A FZ2E o] gh g ZH Yol 2ox g
7N olake] Zejqio] E3lu|n, o] Ze|iE-2 37]9]
HIE ‘1" AlsE 7FA| L glck wleba] ol Ze|glellA
A 10 sgshe 7 2 7k 2o, o] we
1S AlFsle] thA] 308 o gx] vlEY 2]l
NFE e 5= ek =3 o] ke o] gsh oAy
= BE NFE ok A7) 2] Akl 5= glA =k

max (continuous light lines)

3
no. continuous lines H @

lines per bit

lines per bit =

repetition of bits = H

#1s) 4ol 541 olrl A2 %

& o] g3je], the vz A4
Asfol e, vlole] BL A WA
AEdok ool 1 8 welalg 4l
el ik Aoz sle] Salse &)
g o) aslel] mejoyhe Ao 4
g¥lo] glowd, 18] sellxlsl o] ) melop
ololl A dlolel7} SR o] SHE o]galo]
AR 359

—_—
bt
—_
rE
o
= o
2
EONL

d=length({data bit of image frame)/2

oo -l ol + + « Pl - - -

Preamble BSN Preamble

Preamble_ok_signal= ' 1 '

Fig. 8. Detection of preamble packet

=
2
2
oo

\a

%
oIr
HL
1z

2 =ella] Aljkshs B3t shelebeal AlzaEle]
Qo 2517 o8 18l 99} 7he A sEle A
siglon, #F 7Y HaEH =S T3] 109 Ko

ek o]wA A iz 1 EHof °d7éﬂ WAL o]
o, %*J daE]FE MEYS o] 83l Fls)
3 dlo]e] WA4E 900 bpse]w] #%7]
m H9]ellA wstsisiet. o w slwete] o)

ehle] W 2] 20 o ZhaA AR oA

|
|

d(t] s(t
! Digital data Generaton }—b( ) E)a‘ta' i 'Tx.
| Circuit
|
|

FPGA

|

Webcam |

‘ (Built-in CMOS Image Sensor) |
|

|

|

I

|

|

| LED Bulb
| |____________::::::::_‘\
|

|

|

|

|

|
Image ing Decoding Recovery data :
I
Lo - .

Fig. 9. Configuration of optical camera communication
system

457

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-04 Vol.41 No.04

Fig. 10. Test-bed of optical camera communication
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