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» Background and Motivation
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From Radio Frequency (RF) to Visible Light
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Optical Camera Communication (OCC)
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Limitation in one-to-many OCC communication
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» Distance limits the performance in one-to-many OCC communcation.
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Rayleigh Criterion
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» Limited angular resolution of the optical imaging instruments
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Hierarchical Coding in Physical Layer
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» Dynamic range of channel capacity

o i
[ - 1000 i E .- 1000 i E
| Lo
T - 1010 O - 1010 Eag
N1, i_s't_i i: :: e 1000
¥ b "
WO, Is'¢_| : |
¥ ]
LED Tx f} ﬁ @ LED-to-Camera
bps p bps Distance
Near Rx Remote Rx
(Lower layer) (Higher layer)

- off-LED “A“on-LED (1§ mix-LED




Motivation - Data rate sacrificing in existing works
A=z
» Overlay Coding [IEEE ITSC, 2011] » Strata [ACM MobiCom, 2014]
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» Design of OnionCode
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Hierarchical Coding in Physical Layer
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Transmission Model of OnionCode
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» Coding Table Derivation




Key insight of OnionCode
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> Which one is lit? But two of four are lit!
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LED State Space
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» LED state space of a layer 4 receiver
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En / Decoding Table of OnionCode
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En / Decoding Table of OnionCode
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En / Decoding Table of OnionCode
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» OCC Prototype enhanced by OnionCode




OCC Prototype enhanced by OnionCode
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> Evaluation




Experiments

» Sender hardware

Cannon EOS 5D DJI Zenmuse H20 iPhone X

Mark IV (1080p, 50Hz) (1080p, 50Hz)
(1080p, 50Hz)

Programmable
controller

» Experiment setup
(4 layer receivers at
10 ~ 40m from sender)




Experiments
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> Preamble detection rate under various environment factors
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» Adaptive camera configuration : > Channel estimation
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> Conclusion



Conclusion
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OnionCode enables multi-priority hierarchical transmission in OCC:

v Propose a novel hierarchical coding scheme

» Non-block-based
» Dynamic adjustment of data rate
» 67% increase in overall throughput

v" Implenment an OCC prototype enhanced by OnionCode
» Commercial off-the-shelf hardware
> A series of communication mechanism
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Communication mechanisms in OnionCode prototype mmﬁ

» Frame synchronization (sub-pre-1) > Fine-grained LED segmentation (sub-pre-2)
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