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Overview and Contribution:
» An optical camera communication (OCC) technique using an LED and an off-the-shelf rolling-shutter camera.

» Symbols are encoded as time delays of optimally modulated signals (phase-shift modulation).

» Received symbols are decoded by using intensities obtained from four consecutive line sensors of a camera.

 The proposed technique achieves 0.833 - 1.17 bits per line (bpl) and allows longer exposure time settings
(difficult for existing on-off keying OCC techniques [1,2] as they cannot exceed 1 bpl in principle).

Optimally Modulated Signal for Time Difference Estimation [3]
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Fig 4. Symbol encoding and decoding (N=3) Fig. 5. Configuration of transmitted signal.
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Exposure Time Ratio and Communication Speed
For avoiding interferences between symbols, their transmission duration lasts (4+a)

T /L (a=1,2,..), which needs (4+a) line sensors for decoding. Larger exposure time
ratios are allowed under the following condition (Fig. 6) and their communcation o oa os o 800 TR

) 4+ a ) exposure time ratio exposure time ratio

speeds are shown in Fig. 7. 11 = T 1>n2> 7 | 7 Fig. 7. Ratio of transmission speeds comparing those of the
P P 1>n >(4+a)/L+ 2/(pL) case with those of the n = 2/(pL) case

Performance Evaluation (a=2,p=2).(a)y <1.(b) magnified view of (a) ( <3.24 x 10?).
The performance of the proposed technique (Fig. 8) was confirmed through three expeirments as shown in Tab. 1.
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Parameter Experiment 1 Experiment 2 Experiment 3 bit per symbol bit per symbol bit per symbol bit per symbol

i 3 3 2 0 7 8 9 1 0 8 9 1 5 6 7 8 9 3 4 5 6 T
Exposure time 1.91x10 1.91x10 3.24 x 10 1.0x100 ————F—F+——+— 10X ———F—F——— ,qgo {00
ratio 7 1.01 x 10" //,/' % X 0x
Measurement “dark’ , “fluo’ “dark’ “dark” , “fluo” | g 10° g 10 £ o 10°
environment /, - / S / 5 10 -
Distance d (m) 003 [0.03,0510,15 003 5 10" e 2 /[~ E /// ism 5 107 200100 o
Number of pixels P, | 100, 300, 600, 1324 40 40 S 4109 o 600piels S 4q3 e 600 pF!)ers 2 10” > B / o 1322010 /o
Bits per symbol N | 6,7,8,9,10 | 6,7,8,9,10 | 3,4,5,86,7 > —— 300pixels o 0piels 3 003m E 10 / o101 X107 / dark

100 pixels . 100 pixels n n:1.01x 10"/ fluo

Number of 40,000 40,000 40,000 10—~ 10 — 10° —7 10 /
measurements (=1,000x5x4x2) | (=2,000x5%4) | (=2,000%x5x2x2)

Fig. 8. Symbol error rates: (a) different numbers of pixels per line sensor in a dark environment; (b) different numbers

Tab. 1. Experimental parameters and their values
P P of pixels per line sensor under fluorescent light; (c) different distances; and (d) different exposure time ratios.

( “dark™ : no illumination, “fluo” : fluorescent illumination).
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