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3. Visible light communication (VLC) A]AE! 7wt =3

7b. B2 FEo] Hi Bal714 & SILUE light emitting diode (LED)E o]
light communication (VLC) A|&Elo] Q)& LEDE= 7|£2] WidS3} ZH2 FH 5o
T2 oA BE 5o AHS 7M. 01316} ZMoZ LED A]zlo o A3 5
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oul, 34T, LDE A& Ssbl Sto 2 flider Aol et ol
Sol fsi FrbHel Azt & glol A sHsdS Mol we WAL wA =Y

[3].

9% fo

he e 3 uehia 9.

Noise sources (the Sun)

Lens

An LED Transmitter

(Data 1) 4 1 r——

. . Image sensor reciever
L]
An LED Transmitter

(Data 2)

21 3 Spatial separation of multiple sources by an image sensor. The image
sensor receiver for the VLC system can discard noise sources such as the Sun

and focus only on the pixels that sense desirable sources

oo 7EAES sl 1d 45 EoF A7ATOIM ALET FHeke} Inage sensor
reciever7} UEIL} 9o, A3 A ol Image sensor recieverE T3] €2 Az} oln|x]
S VER 912, = QElofA Jft3t OCI(optical communication image)< IPx2} CPxE
At E vfx|5}o] IPxofA= image pixel®] ZFFE ARE A3 (PxoA W2 e HARE A
=5 3 A4,
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ﬁ;f pixels: 642 x 480 Manchester-coded =
-321 x 480 IPx a"avl 10-Mbps optical signal L‘£D transmitters

2-type image output
using IPx array

Binarized image
taken in very short
exposure time

Optical signal reception
using CPx corresponding to
detected LED coordinates

Camera receiver
\ using the OCI /

Gray image Flag image  LED detection

2] 4 Entire operation of O0Cl-based V2V system. The O0CI outputs a
conventional gray image and a 1-bit flag image. Based on the flag image, the
LED regions are detected and, then, CPx corresponding to the coordinates of

the LED receives optical signals.

B T HEY Holw grt
Al V2X Al 9lgh IEEE 802 11pol Al Zth ulole] 22 E£3} o 54 Mbit/se] A
gl st

o a3
xanthein= OFDMS &

ofo
o
of
™
i)
o

21 5 0Cl-based VLC system. (a) 4 X 5 LED array transmitter. (b) Camera

receiver,

Oplical-OFDM
Signal | XDCO(t) Signal LPF ,
-:. e ———| Oscilloscope
Generator 1.5m (fe = 35 MHz)
—

LED driver LED

7! 6 Experimental setup, LED transmitter, and OCI-based camera receiver.

_11_



H 3%

N

ol oA V2V L V2I Vision %4e] LED

1.

e T
T R
M =z
o NN T
o E XX
MO S A
Mo o
do o a B
® AR H B

o~ e e

upy
a

4
3

—

1A A& EelA

[
st

7H)

. oFF B Aol Mgt Mgl Thsdhn, 7

b meby 2

5

o] Wa.

171014 A

A
sl

Azl = Holy 4lo] Jhssith
rolling shutter 7|8t F}m|glol Al = global shutter 7|3} Fhwglel Hls=gt A&

4 gk,

upy
a

4

W A

AHg-st

HE

(e}
o

Efol Wz}

=N
)

(1) A% 2ELS Atmegal28S A}8-5}913 LED®] On, Off

toiTh LED Hol¥

5

stol A%

R

T

L S=Rve
&Pl

-
-
-

~trd
e

5
F
]

TRy B B

LU ]

O

, V21

] R

_12_



= Appl.E LED?] On, Off & V2V AL}

L=
9
F
E

-
I
2~n}

Vev -F

b) V2I LED
2E
td

(a)

(
A
o|-83

H

A}
=2

2t
=
T

o Lo
W ol
bi

" o
do x

ch A

_13_

AE dlo]

e ¥




(2) Ztzt WEo] vjal AW s, SCANS| -9 ztz} LEDe| ERFEAES AZst:
H=o|t}, Street?] ON, OFF= Zt7z+e] LEDE On, Off 3li= W Eo|tl. Actionzt
Location?] HEL V2V AJL}g] Qo4 AI_E L HEo|rl Actiond E.glo]32]
Zt= 2] oo E ALsl= W EO|LL LocationS AWrxlgke] Fn|% xlo] AHg|

HolEl 2 A4t W Eolr),

2) 41 FhH 2} 5][6]

7}) PGR Fhe 2}
(1) 44l 7hH|et2+& PGR FhdetE A}&-gtth. PGR Point Grey?] &}xtE 138 7}
w2t olTh.
POINT{GREY
| I )
Inngvation in Imaging | 7"’ %D
use3o T T
T Y
=
181 4 PGR }e g
L}h) LG G2

(1) V2I 2t Z=] ol A 4 FhHletZ AHE-H i eto|Th

_14_



ch shelet Apep
(1) PGR Z}H g} Aleke £ 17}

4 glon] th shuet W4

LN
a

@0

o wel sjuiete] FPSE ¥

B

Resolution & Frame Rate
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Lens Mount C-mount

X 1 PGR Z}H e} Aok
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A 59y

2 7]+= 1920x10809]

Resolution & Frame Rate

1920x1080 at 30 FPS

Sensor Type

Global shutter
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Pixel Size 1.12 pm
Focal length 29mm
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2! 9 Differential image

(th) Differential /ol Ful5E& A3t g Fid 0|7
A2 E #-ggr} Differential FAL FHsto] Fu5
7 gtc}. 28] Binarization® &3] Threshold3}lE Fo] &

ubx 22 2 Morphology®] AAA e WAL B3 ALES A

o

713
2%t Fu]S ROIE Block Matchingg E3ste] T}

frameof| A 2] o|Fgt Fnl5 ROIE ZA&3T}
(L}) Foj52 2700]17] ull&of ROIG S-S 270 = o] Block Matchingsdte] %2
2 £o]3, ROIE ZHAEsIH ROI2] FAEE 78 4+ rh

a3 11 Fnr]52] ROI

(4) Fuls Ao pixelFHl d3t A=
R

(7} TS ROIE AZSHA ROIS F4 #HEES 7T & rh
(W) ROI 2749] 340 xabze] 2g 7obd dghe 7% 4 ot}




4) V21 &

n d

=l 12 Fu|5 xlo] pixelE

=21[7]

7H Image 2713} image sensor Z7Fe] HAL}t AA 7t} image sensor Z7H2]

collinearity condition

(1) Image®} image sensor

(7h

Image height(H)
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Image pixel height

13 Image Z7t2} Image sensor Z7+e] H
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AN U F \/X

> S Bt Image sensor

Camera image sensor & "
Camera lens YA €= (X, Y. Z¢)

221 15 Alx] 2713} Image sensor 27t2] A

—

p=[X-X. Y ~-Y.2-2]"

]7 = [up' Up' .f]T
(4)
oy 71 A f= focal length©] t.

= LI
() 541 (5)& Feetoln A Brrel HER sk WAl MElF Helwt 2
olx, A (6) A=A F7te] o =T 8} image sensor -FZtol LIELE= N
7He] 2tEE focal lengthE o]-&3ste] A=A F7He] HEHZE 27t Zlojrl.
é:[X ~Xo Y, ~ Yo7, — 2"
[‘Xm X(‘ Y Y(‘ Z(‘]T (5)
Dy [‘X;)\ XC Ypyi YC Zpyisz]T
p—>,1 = [upyl ’Upyl 'f]T
Py = luy, vy A7 (6)
ITN = [u;",\' ’UP',\' 'f .]T
(W) thxsEle & "ol 7IxX= F #WE £ collinearity condition®E QA &
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24 3point in 3D space
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P2 b3
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7}. Self-localization of a Heterogeneous Multi-Robot Team in Constrained 3D
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