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ABSTRACT

Recently, researches about the communication between LED array and the camera (alias ’Visual-MIMO’), have
been actively conducted, and the application to the vehicle and a smart phone is expected to be maximized.
Since the bit error may occur if the ISI is severe in a LED array, it is necessary to switch from the
multiplexing to the diversity mode. In this paper, according to the use or not of a reference array pattern, a
method for determining the transition time to the diversity mode is suggested and verified. When using the
reference pattern, it determines the transition time to the diversity mode from the multiplexing using the
brightness information of the received image. If the reference array pattern is not used, the size of LED array
compared to the entire image according to the distance is used and the size of the LED array at the distance of
a severe ISI may be used for the determination of transition time to the diversity. Finally, the proposed method
is verified through the simulation and hardware experiments as well as by analyzing the performance in

accordance with the ISI level and the distance.
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Table 1. Average value of ON/OFF brightness according
to the distance using a reference LED pattern.

Distance(m) 0.5 1 2 2.5 3 4

Gray 120 1108 5|226.5|227.5|228.2|230.5| 235 8
Level x120
Average
(ON .y |60x60|250.7|251.6|249.0(251.2|251.8250.3
avg
Gray 120 113821 139.6|151.7| 164.8| 170.7| 195.4
Level x120

Average
(OFF ) 60x60|142.4|147.4|156.4|162.9|167.5|184.1

avg

Initial
Threshold |60x60 [196.5(199.5(202.7|207.1|209.6|217.2
(Thy)

X 2. 3 7H¢] OFF-LED7} Ab#ell ON-LEDE A& 72
3= 43k

Table 2. Average brightness of a single OFF-LED
surrounded on all sides by ON-LEDs.

Distance
(m)
Gray
Level
Average
(OFF, )

avg

J

0.5 1 2 2.5 3 4

147.1 | 159.8 | 168.2 | 201.6 | 230.3 | 247.5

)

£ ] L] 150 M X0 ko)

12| 5. OFF-LED7} AP ON-LEDE A3 7% (712
2m)

Fig. 5. Case of a single OFF-LED surrounded on all
sides by ON-LEDs. (distance: 2m)
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Fig. 6. Case of a single OFF-LED surrounded on all
sides by ON-LEDs. (distance: 3m)
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Table 3. Brightness of pixels where an actual LED is
present or not present in the image with distance after
appling the diversity.

Distance(m) 3 5 7
A4 ON-LED7} E&Aj5h=
LA F% (gray level)
A4l ON-LED7} EA4514]
= Ao 3% (gray | 252 252 251
level)

A4l OFF-LED7} <3}

252 251 253

= 49 IHE  (gray 18 20 19
level)

AlA OFF-LED7} Z&A)s}h

A e A FHm | 19 18 19

(gray level)

(a) (b

a7 10. delnAE Ag ¥ A4 LED7} EAske 3
EAs] 2 Al Aw g weiap) Sle el o
Fig. 10. Example for considering the brightness of an
image where an actual LED is present or not present after
appling the diversity.
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Table 4. ISI effect considering size of a LED array
image, radius of an ON-LED, radius difference between
ON-LED and OFF LED, gap between adjacent LEDs, and

decision area with distance.
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A %
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Fig. 11. Range of ISI influence neglected by decision
area and gap between OFF LEDs in 480x480 image.
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Table 5. Brightness average and deviation with distance
after applying diversity.

Distance

3057|911 12|122123|124
(m)
Brightness, o, s/128.0|151.3(181.5/215.4235.5[243.9/247.1149.8
average
Deviation| 95 | 105 | 81 | 91 | 68 | 49 | 11 | 6 | 2

1E-01
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—+—Without Diversity

1.E-02

BER
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1E-04 -

1.E-05

124 123 122 11 9 7 5 3 29 28 27
Distance between Txand Rx (m)

J2 12, deluAE AL F 7Pl W& BER 2=
Fig. 12. BER vs. distance after diversity is applied.
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Table 6. Number of errors with distance after diversity
is applied.
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