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Requirements (Our Target)

 Flicker free:
average luminance must be constant

« On-Off modulation:
signal must be modulated with monochrome On
and Off state of luminance (Off state may not be
zero luminance) so as to use most of LED devices
as transmitters o
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Purposes of Communications

 |D broadcast
— Tx sends an ID repeatedly
— Rx receives the ID in a blink of an eye

e Unidirectional data transfer
— for ROI image sensor
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Modes
Mode 1
for ID broadcast mode
Mode 2

for ID broadcast mode
for low luminance mode

Mode 3
for unidirectional data transfer mode

Submission Slide 4 Hideki Aoyama (Panasonic)



January 2016 doc.: IEEE 802. 15-16-0027-01-007a

Mode 1

DLl DL2 DL3 DL4 Pl I:)2 P3 F)4 DRl DRZ DR3 DR4

» < »
» € »

Data L Preamble Data R Dimming (optional)

A
v
A
v
A

Modulation [us]
(P,, P,, P, P,) = (100, 90, 90, 100)
D =120+ 30 X w; (i € 1~4,w;, € 0~7)
D,;=120+30 X (7-w,)

A transmitter can send either or both of Data R and L.
Throughput: 5.5 kbps
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Mode 2

P » » »
<« » € L} »

Preamble Data Dimming (optional)

Modulation [us]
(P, P, P3) = (160, 180, 160)
D,=180+30 X w; (i € 1~4,w; € 0~7)
Pulse width <10

Average throughput: 7.3 kbps
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Mode 3

Pl PZ P3 I:)4 Dl D2 D3 D4 D5 D6
< r¢e————————————————————— - - >

Preamble Data

Modulation [us]
(P,, P, P5, P,) = (50, 40, 40, 50)
D,;; + D,; =100 + 20 X x;
(i€ 1~N, x; € 0~7, D, > 50 D,;,, > 50)

Average throughput: 16 kbps
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Packet Modulation for ID Broadcast
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Packet Modulation

bit 1 bit 2 bit 3
w, = Da S Dy )
w, = Da A,/ Dy D> )
wy = Das Ay [ Dy D3 )
w, = ( Das Az Dy Ayl Dy, )

A : Address 0-4 bit
D : Data 4-7 + 3-4 bit
S : Stopbit 1 bit
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Packet Division (1)

o label
Division (1) bit size
value

Data

D, (1) [ Dy (1)

Y A

sT A [0.0]0,®
4

1 | 0000
Packet 1
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Packet Division (2)
label
Division (2) bitsize
value
Data
16
Data, Data,,
10 6
Y ' A\ 4 A 4 . A 4
Parity  Data, Parity  Data,
1| 10 1 6
D, (1) |D.(2) Dy (1) | Dy (2)
7 4 4 3
A 4 V A 4 \ 4
S D, (1) Dy (1) S| A |Di(2 Dy (2)
1 7 4 1| 4 4 3
0 1 | 1000
Packet 1 Packet 2
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Packet Division (3)

o label
Division (3) bit size
Data value
17
Data, Data,,
10 7
CRC § CRC
\ 4 ' \4
Parity Data, Parity Data,
6 10 4 7
D, | D, [D,© D, (1) [ D, (2 [ D, (3)
6 6 4 4 4 3
[ 1 ! v ............................. | i
S| A| D) [Dy(D) S| A| D@2 [Dy(2 S| A |D,(3)]|D,(3)
1] 1 6 4 1] 1 6 4 1 4 4 3
0]l O 01 1 1| 0100
Packet 1 Packet 2 7‘ Packet 3
LSB first
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Packet Division (4)

.. label
Division (4) bit size
Data value
25
Data, Data,,
14 11
CRC CRC
A\ 4 v
Parity Data, Parity Data,,
5 14 4 11
D, (1)[D, @ [D, 3)[D. () D, (1)[D, ([ D, (3)[ Dy (4)
5 5 5 4 4 4 4 3

V ¢ ' A 4 v A

\4 y
S| A |D,(1)([D,(0) S| A |D,(2|Dy(2 S| A |D,()[Dy,(3) S| A |D,(4)|D,(4)
1| 2 5 4 11 2 5 4 1| 2 5 4 1 4 4 3
0| 00 0] 10 0| o1 1 | 1100
Packet 1 Packet 2 Packet 3 Packet 4
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Packet Division (5)

o label
Division (5) bit size
Data value
34
Data, Data,,
19 15
CRC § CRC
\ 4 ' v_
Parity Data, Parity Data,
5 19 4 15
D, (1)[D, (2)| D, (3)| D, (4) | D, (5) Dy (1)| Dy (2) | Dy, (3) [ Dy (4) | Dy (5)
5 5 5 5 4 4 4 4 4 3
A\ 4 A\ 4 ¢ \4 A\ 4 V
S| A [D,() [Dy() S| A |D,(4)|D,4) S| A [D,(5)|D,(5)
1| 2 5 4 | Temmmmmmmes 1| 2 5 4 1 4 4 3
0| 00 0] 11 1 | o010
Packet 1 Packet 4 Packet 5
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Packet Division (6, 7, 8)

o label
Division (6) bit size
Data value
31
Data, Data,,
16 15
Reed-Solomon
Reed-Solomon -
- 4 |
[~ (@it / symbol) i | (4bit/symbol) | 1
Parity Data, Parity Data, Padding
8 16 8 15 1
0
D, (1)[D, (2)|D, (3)| D, (4)|D, (5)| D, (6) Dy (1)| Dy (2) | Dy, (3) [ Dy (4) | Dy, (5) | Dy, (6)
4 4 4 4 4 4 4 4 4 4 4 3
A\ 4 A\ 4 ¢ \4 A\ 4 V
S| A [D,() [Dy() S| A |D,(5) |Dy(5) S| A [D,(6)]|D,(6)
1| 3 4 4 | Temmmmmmmes 1| 3 4 4 1 4 4 3
0| 000 0| 001 1| 1010
Packet 1 Packet 5 Packet 6
Division (7, 8)

Same manner as Division (6)
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Packet Division (9)
o label
Division (8) bit size
value
Reed-Solomon (8 bit / symbol)
v I I |
Parity Data Padding
16 55 1
0
D, Dy (1) D, D, (8) D, D, (9)
8 .................................... 8 7
y A 4 \ 4
S| A D, Dy (1) S| A D, D, (8) S| A D, D, (9)
1 3 8 ............ 1 3 8 1 4 7
0 | 000 0] 111 1 | 0001
Packet 1 Packet 8 Packet 9
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Packet Division (10-16)

Division (N = 10-16)

January 2016

label
bit size
value

Reed-Solomon (7 bit / symbol)

Parity Data
14 7*(N-2)
D, Dy (1) D, Dy (N-1) D, Dy, (N)
7 .................................... 7 7

y A 4 \ 4
S| A D, D, (1) S| A D, Dy (N-1) S| A D, D, (N)
1 4 7 ............ 1 4 7 1 4 7
0 | 0000 0 | XXXX 1 [ xxxx

Packet 1 Packet N-1 Packet N
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Packet Division Summary

Dlig\zz:;er: Short n?gcgi Size Il:?lljﬂ mode Error Check Code
........ LA T
........ 2.t te Paitybit(ad)
........ B o CRCGE)
........ 4 MBS CRC (5+4)
........ S B

6 16 31
.................................................... Reed-Solomon
........ Lo 20390 2% 4bit+ 2 * 4 bit)
........ B A AT
. O T 55 .., Reed-Solomon (2 * 8 bit) |
A0 56 ..
AL 63 ..
A2, 0.
....... 13, .iiirieien..... 17, Reed-Solomon (27 bit)
A 84 .
A 91 .

16 - 98
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