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ARTFDAATCRIELTHLY !

1. Blue LED

2. AJ B SEE(E (Visible light communications: VLC)

3. h X 7 CBEIZFTE % ? (Image sensor communications: ISC)

4. EREHATTBELTALD !

B. ARTDAHAX S TRELTHALD !




Blue LED



"Incandescent light bulbs lit the 20th century; the 21st century will be lit by LED lamps."
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1962 Nick Holonyak, Jr. (GE)
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https://earthobservatory.nasa.gov/features/NightLights

2016


https://earthobservatory.nasa.gov/features/NightLights
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https://visibleearth.nasa.gov/images/55167/earths-city-lights
https://earthobservatory.nasa.gov/features/NightLights/page3.php
https://earthobservatory.nasa.gov/features/NightLights/page3.php
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A RSEIE(S
Visible Light Communications: VLC
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On-off keying (OOK)
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AAZ7THEEIETZS?
Image Sensor Communications: ISC
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CMQOS sensors read out the voltage
using row and column decoders, like a digital memory.

https://en.wikipedia.org/wiki/Active-pixel_sensor

To frame
buffer




T. Yamazato, et al. "Vehicle Motion and Pixel lllumination Modeling for Image Sensor Based Visible Light Communication,”" IEEE JSAC, 2015.
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A single LED Transmitter

(Data rate is Ry)

Lens

Receiver (Image sensor with 6x6 pixels, each image is sampled with the rate 2R;)
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Transmitter (3x3 LEDs alligned in a grid (LED array)) Receiver (Image sensor with 6x6 pixels, each image is sampled with the rate 2R)
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Receiver (Image sensor with 6x6 pixels, each image is sampled with the rate 2R;)

Transmitter (3x3 LEDs alligned in a grid (LED array))

: 30 fps

Camera

15 Hz

LED array









High-speed camera

iPhone 12
Slo-mo video at 240 fps
Edited to 960 fps



How fast can we achieve? — Ildeal case —

1920 X 1080 x 240 fps X 12 bit X 3 colors

Considering Nyquist sampling (1/2)
960 X 540 X 120 fps X 6 bit X 3 colors

|080p 240 fps

119,744,000 bps (1.1 Gbps)

1920 x 1080 X 920 fps X 12 bit X 3 colors

Considering Nyquist sampling (1/2)

960 X 540 X 460 fps X 6 bit X 3 colors

Xperia
1080p 920 fps 4,292,352,000 bps (4.3 Gbps)




LED array: 500 Hz High-speed camera: 1000 fps






LED traffic light to vehicles (12V-VLC)

V2X Visible Light Communication
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LED pavement mﬁk

-————-—'-__"“

Y v ) VA_‘—- "

er










T. Yamazato, et al. "Image Sensor Based
Visible Light Communication for
Automotive Applications," IEEE

Communication Magazine, Jul., 2014.
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O—)>vov vy 25 (Rolling-shutter)
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Column Amps
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CMQOS sensors read out the voltage
using row and column decoders, like a digital memory.

https://en.wikipedia.org/wiki/Active-pixel_sensor

To frame
buffer




A—U Iy v 2R

https://www.youtube.com/watch?v=NwoesF0ynjU
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LED transmitter patterns
Received signal Signal Loss

Time
>

Waliting time

Waiting time |
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' . Can not expose

. Can not expose

Pixel rows
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Frame 1 Frame 2
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Transmit patterns
Received signal Signal Loss
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Order

N LED transmitter Rolling shutter scanning Received
Images
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ARTFDHAATTHEELTHAELY !

1. Blue LED

2. AR J¢@{E (Visible light communications: VLC)

3. h X7 CBEIETE % ? (Image sensor communications: ISC)

4. EREHATTBELTALD !

B. ARNTFTDOHAZTHBELTHALD !

Thank you and your questions or comments are welcome!

amazato@nagovya-u.jt
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