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Obijective

To test the feasibility of a VLC mass-storage
device that operates under a standard file
system.

A VLC Flash drive is contactless and will
become one of the important devices in the
future white-LED indoor wireless network.

Two transceiver prototypes (PWM and PPM)
have been built for file transfer between SD
card and PC. Both operated successfully.



Background

VLC technology descends from IR technology.

Before Bluetooth, we used to have cell phones that have
IR transceivers.

IBM and Intel: developing chips with optical
interconnects.

High possibility of computer motherboards with optical
input /output (I/O) ports in the near future.

Although there was no previous investigation on VLC
circuits for SD card file transfer, there are some
previous works on VLC based on serial communication
which are very useful.
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Serial Data Link - Early Version

Figure 2 Multimedia Information
Device

Figure 4 Visible Light LED Transmitter

Figure 3 Receiver Module
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Serial Data Link - Later Version
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The Commulight System

S
1 Outstanding Technology Co. Ltd, Japan.

The TROT visible-light receiver is plugged into the
USB port of a smartphone to receive information signals
from ceiling lights.

http://www.houseofjapan.com/electronics /visible-light-communication-devices-ready-for-
commercialization



Device and Storage Media

Device Storage Media Local CPU Interface |Removable Media?
to Media

Hard drive Hard disk ATA No

CD drive CD ATA + ATAPI Yes

DVD drive DVD ATA + ATAPI Yes

Flash drive Flash memory Local CPU data bus  |No

Flash-memory-card Flash memory SPI, Yes

reader/writer

MultiMediaCard bus,
SD-Card bus

J. Axelson, USB Mass Storage: Designing and Programming Devices and Embedded
Hosts, Lakeview Research, 2006.




SD (Secure Digital) Memory Card

Developed by Matsushita, SanDisk, and Toshiba
has a manual write-protect switch.
supports additional commands:

Determine the type of card and memory capacity

Command the card to use a different voltage and
different clock speed

Widely popular — gaming consoles, cell phones,
cameras

Simple interfacing hardware, low power, full duplex



SD-Card Storage Media

Card SD Card miniSD Card microSD Card
Sponsor sdcard.org

Physical Size (mm) 32 x24x 2.1 W0x215xT14 Il x15%=1
Pins 9 11 8

Interface SD Card bus. SPI

Data Bus Width (bits) |1, 4

Maximum Data
Transfer Rate
(Mb/sec.)

100 (SD Card bus); 25 (SPI)

Maximum Clock 25

Speed (Mbits/sec.)

Power Supply (V) 2.7-3.6 or 1.6-3.6(LV)

Security support for digital rights management

Write Protect Switch

optional no no

Specification Cost

Membership @$1000/year

Licensing Fees and
Royalties

Host/ancillary product license for $1000/year, available to members
only

J. Axelson, USB Mass Storage: Designing and Programming Devices and Embedded Hosts, Lakeview Research, 2006.




SPI (Serial Peripheral Interface)
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PPM Circuit

SD-card side
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SD-Card interface schematic
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SD Card Pins

SD/MMC Pinout

1-!ICS

2 - MOSI (DI, Data In)

3 - Vss (GND)

4 -Vdd +3.3VDC

5 - SCK (CLK, clock)

6 - Vss (GND)

7 - MISO (DO, Data Out)

bot-thoughts.com



PPM Modulation and Demodulation
=
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PPM Transceiver
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PWM Circuit
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PWM Circuit

SD-card side
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PWM Modulation and Demodulation
)

CLOCK

74LS08 Transmitted signal

DATA

The clock and data are multiplexed using an AND gate
74LS08 and demultiplexed by an inverted version of itself and
the clock signal.
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Received signal ® J ¥ Q —— Recovered data
CLOCK >
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PWM Transceiver




Performance

In the Prototype 1 PPM transceiver, a supply
voltage of between 6.4V and 6.6V can be used for
the whole SD-card circuit (including the transceiver).
A distance of about 1 cm between the LED and the
photodiode is ideal for good transmission. For
distances farther than 3 cm, concentrators can be
used.

In Prototype 2, the SD-card side uses a supply
voltage of between 6.9V and 7.0V.

Data rate = 19200 bps.



Conclusion and What Next?

The prototypes are successful only in a basic form.
To be implemented commercially,

Speed is an issue.

Compatibility is an issue.

Interface is an issue.

Cost is an issue.

A PPM transceiver seems like a better design, since it
saves power. Power consumption can be further reduced
if we fabricate the entire circuit at chip level.

A PWM transceiver is able to integrate more readily
with LED lighting, since most LED drivers work on PWM.



Further Work

e
= 12MHz White-LED Thumbdrive for Mobile Devices
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Appendix

For any details regarding the circuits, please refer
to the conference paper itself.



Programming ATMEGA32: ISP to

Parallel Port Connector
—

I_.

|
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The one on the left is the simplest and it works! If you do not have a parallel port, you may try
the one on the right.
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Download PonyProg Microcontroller

Programmer
.

u PonyProg2000 - Senal Device Programmer - [Ho Hame] M=k
%5- File Edt Device Command Scrpt Utlity  Setup 7 wWindow - | E’lil
== £e By & ? | DevTwpe  [avR mico =] |atoosaasz |

Note | Edit |

geaea8) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF GGHijiyGiijijy =

aeae18) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF guuuuguguuyuyuyy
aeae2e8) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF YLy

geaeie) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF GULHHUiyyLgugg
g@eeu8) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF GULHHUiyyLgugg

geaese) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF guuuuguuuLuyuyuyy

geeea8) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF uuguuguguuuuuyuyy
peea7e) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF UGG UGHUGyG

geaeg8) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF GGy
aeae98) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF GGy

aeaenB8) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF guuuuguguuyuyuyy
geaee8) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF YLy
ga@ece) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF GULHHUiyyLgugg

geeepe) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF GULHHUiyyLgugg

B88BEB®) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF guuuuguuuLuyuyuyy

oeeere8) FF FF FF FF FF FF FF FF - FF FF FF FF FF FF FF FF uuuuuuuuLuyuyuyy

PonyProg2000 AT3054433 Size 4352 Butes CRC 4420k



http://www.lancos.com/prog.html

Downloa

d Programming Platform: AVR 6

http: / /www.atmel.com/microsite /atmel studiob /default.aspx

AVRGCC

El‘@ SD_Card (dault)*

=8
=8

w3
-3

Source Files
[S] FAT32.c

[5] i2c_routines. . . . .
B RTCcr_‘:o.E:se:,c If Studio 6 is not compatible with your PC or

%zg—z::;c microcontroller, switch to Studio 5 below.

£l http: //www.atmel.com /tools /studioa
B rchive.aspx

[£] i2c_routines.h

[£] RTC_routines.h

[£] SD_routines.h

@ SPI_routines.h

[E] UART _routines.h

External Dependencies

QOther Files

References codes for FAT (must read both!)
http: / /www.dharmanitech.com, http://elm-chan.org /fsw /ff/00index e.html
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http://elm-chan.org/fsw/ff/00index_e.html
http://elm-chan.org/fsw/ff/00index_e.html
http://www.atmel.com/microsite/atmel_studio6/default.aspx
http://www.atmel.com/microsite/atmel_studio6/default.aspx
http://www.atmel.com/microsite/atmel_studio6/default.aspx

Useful Sites for Newbies in VLC Research

0 http://extremecomputation.blogspot.com/

0 http://www.instructables.com /id /Visible-Light-
Transceivers/

0 http: //www.mathworks.com/matlabcentral /fileexch

ange/31792-free-space-white-led-communication-

siso-and-mimo-channel-modeling



http://extremecomputation.blogspot.com/
http://extremecomputation.blogspot.com/
http://www.instructables.com/id/Visible-Light-Transceivers/
http://www.instructables.com/id/Visible-Light-Transceivers/
http://www.instructables.com/id/Visible-Light-Transceivers/
http://www.instructables.com/id/Visible-Light-Transceivers/
http://www.instructables.com/id/Visible-Light-Transceivers/
http://www.instructables.com/id/Visible-Light-Transceivers/
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling
http://www.mathworks.com/matlabcentral/fileexchange/31792-free-space-white-led-communication-siso-and-mimo-channel-modeling

