Knowledge Development for POF

Application of advanced communication techniques within KDPOF physical layer, to
achieve a robust and low-cost MOST1000

Abstract

This paper presents KDPOF technology in the POF communications systems, as well as propose KDPOF simplified
physical layer as the optimum upgrade of the current MOST standard to achieve the 1 Gb/s. MOST1000 has to
decide whether to change the SI-POF and current LEDs and Photo-Diodes to more expensive ones, or to upgrade the
physical layer using the most advanced techniques in communication theory included in the KDPOF physical layer.
Detailed studies, as well as clear conclusions are presented in the paper.

Introduction

MOST is used over POF in mid and high end
cars for the entertainment in the cars. MOST
over POF reduces automobiles weight, and
simplifies installation. POF has demonstrated to
be the best solution for high speed
communications in the car entertainment. The
qualities of the POF solution are: robustness,
immunity against electrical noise, immunity
against vibrations, good temperature tolerance,
high speed links and facility of installation.

But today data communications within the car is
approaching new requirements mainly due to
the addition of new sensors and the
implementation of advanced driving assistance
functions (ADAS).

New bit-rates requirements.

Current MOST versions and the newest version
MOST-150 are capable of providing enough bit-
rate capabilities for the entertainment functions
like radio, multiple DVD-Players/Screens,
children games, etc.

But today new sensors are being added to cars
in forms of cameras and radars, also new
displays are added to aid the car driver, and in
top of all this the ADAS function managing high
amount of data to help the driver.

Examples of these new functionalities are:

o0 DPark assistant.
0 Rear view.
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Blind Spot monitoring.

ACC (adaptative cruise control)
Automatic Emergency braking
LDW (Lane departure warning)
Signal recognition

Cooperative systems (V2V y V2I)

O O 0 O o0 oo

These functions may be implemented in the car
as shown in the following picture:

1,2y 3: Camaras
digitales

4: Camara
Iradar/lidar

5: antena com.
Digital.

6y 7: displays

The most demanding functionalities in terms of
bit-rates are the video related ones. The camera
sends all the video information from its location
to either displays or to the ADAS.

All the sensors require latencies less than 1 ms
for user sensors, and 1 us for automatic sensors.
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This is regulated by the IEC 61508, and the

newlSO 26262.

Normal video distribution within the car, like
from the DVD-Player to the Entertainment
Screens, requires bit-rates between 1 to 7 Mbps,
depending on the resolution and the video
compression algorithm. For this application
MOST-150 is farther enough, but when using the
new video cameras sensors no video
compression is allowed due to the low latency
required.

When no compression is applied to a video
stream the required bit-rates becomes incredibly

robustness, as well as the available bit rate is far
away of the automotive required levels.

Coming back to POF, there are new POF
technologies like GI-POF with more bandwidth,
and Dbetter possibilities for high speed
communications. But this GI-POF technology is
still not mature compared with the current SI-

POF, ismoUl wi Bx1 OUDPYI OWEOEwWDPUwWI E

tested and approved for the automotive
industry.

Keeping SI-POF will be then the preferable
choice for the deployment of a gigabit car
network.

I PTT 8w+l Uz UwWEOwWUOO! wi UUPOEUDPOOO

For a VGA resolution 25 fps, color display, the
required bit rate is:

640x480 pixels x 8 bits/color x 3 colors x 25
frames per second = 184 Mbps, and 62 Mbps
for a black and white video.

If we consider 3 video cameras, the required bit
rate is around Y2 a Giga bit/s.

The required bit-rate for the other sensors like
radars is difficult to predict, but we should
consider that future communications system
within cars will require a Gigabit per second bit-
rates.

One solution to this huge amount of bit rate
required may be the use of one to one cable
between camera and display, but this means
going against the current direction of integration
and simplification of the cars cabling.

Available gigabit technologies.

Still POF is the best option for providing the
required gigabit links in the car. As explained
before, POF is the right and optimum choice as
car communication system.

Some options has been draft over power line
communications, but the maturity, stability and
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There are some experiments of gigabit
communications over the SI-POF fiber. These
experiments  use  current glass  fiber
communication silicon aided by the usage of
lasers. The achieved distances in lab
environments of these techniques are around
20m, and much less in a real car environment
with many bends, and a fast installation.

The usage of lasers in cars will bring many
temperature stability issues, as well as a price
increase. The automotive industry has to test
and prove that lasers are stable enough for these
critical functions.

Thinking on that, the reuse of current stable,
robust, and proven LED technology should be
the preferable choice. But when using current
MOST-150 optoelectronic devices in a gigabit
solution, the maximum length of the fiber will
be a few meters, and probably less than a meter
under bending conditions.

A new solution is required in the industry to fill
this gap.

KDPOF technology as car Gigabit network.

Current MOST solutions over POF use simple
pulse modulation to communicate. Pulse
modulation has been used for years in the glass
fiber world with big success. Glass fibers are
perfect transmission media. But POF has a




frequency and time response much different
than glass fiber. Current glass fiber modulations
use NRZ 8b/10b or 4b/5b line coding, requiring a
baud rate of 1.25 GHz or 125 Mhz for the 100
Mbps solution. Looking to the POF frequency
response we realize than even 100 or 150 Mbps
are possible, the 1Gps solution is not possible
without a more advanced modulation system.
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As shown in the figure a good flat response for
the required 1.25 GHz baud rate is only possible
in the very first meters.

KDPOF propose the wuse of advanced
telecommunication techniques in the POF
media. These techniques are widely used in
cable and air communication systems. They are
proven due to fact they are used in standards
like 10Ggps over CAT-5 cables, or Wifi.

KDPOF takes a look to the POF media no as a
perfect glass fiber communication system where
simple pulse modulation gives optimum
performance, but as a system closer to cable or
air, where the communication channels are
much more complex.

KDPOF technology defines four parts of the
physical layer communication system:

1. Advanced modulation technique.
Advanced channel estimation and
equalization technique.

3. Advanced coding technique.
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4. Frame structure.
KDPOF modulation

KDPOF propose to wuse side-band PAM
modulation technique. The PAM level is defined
by the bandwidth, the required bit rate and the
coding. The suggested PAM level is 32, and a
bandwidth of 125 MHz, giving a bit rate after
coding of 1.075 Gbps.

KDPOF equalization

KDPOF technology uses an advanced channel
estimation and equalization system allowing the
accurate noise and channel estimation and
compensation. This technique cancels the
distortion created by the fiber and the
optoelectronic devices like the LED and the
photo-diode.

KDPOF channel coding

Channel coding is a challenging part of the
communication system. Current state of the art
coding like LDPC and Turbo Decoder are very
expensive in terms of silicon area and power
consumption when managing a bit rate of 1
Gbps. KDPOF technology uses a low power
multi-level coding which minimizes the silicon
area and power while keeping very good error
correction performance.

KDPOF frame building

The encapsulation of the higher layers
information in the physical layer requires a
flexible and efficient frame building, with
preambles of the correct size for synchronization
and equalization, headers for announcing the
basic physical layer parameters, and to
encapsulate higher layers data, as well as a
required CRC to guarantee packet integrity.
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KDPOF performance

The performance of KDPOF communication
system over POF allows the following:

1 Provide 1 Gbps to more than 50m of
POF fiber.

1 Continue use of current SI-POF fiber
technology.

1 Reuse of current optoelectronics and
connectors.

1 Tolerance to multiple fiber bending
simplifying the cabling design and
installation.

KDPOEF technology applied to the car will
provide a fixed bit rate to the network. But
KDPOF technology is also used in Ethernet
networks for industrial and home networking.
The following figure shows in terms of variable
bit rate vs fiber length the performance of
KDPOF technology vs current available
products.
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Even when this graph only applies to a variable
bit rate system, it shows clearly how KDPOF
technology
commercial products giving more margin for
bending and installation losses.

differentiates from current

KDPOF solution

KDPOF develops silicon for the POF market.
KDPOF propose its technology as the next
MOST-1000. The following figure shows how
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KDPOF technology will be embedded into the
MOST subsystem.

KDPOF is bale to provide new physical layer for speed and coverage

improvements on MOST infotainment systems
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KDPOF MOST physical layer is flexible enough
to be connected to a transport layer capable of
operating in different topologies. The car
network may be built as a ring, a star, a tree or a
mixture of the three. The traffic may be
differentiated by traffic qualities. Two
parameters define how the different traffic types
are managed in the network:

Priority: High priority bandwidth is prioritize
by reducing the latency of the high priority
packets. This is done by transmitting high
priority packets before regular packets.

Guaranteed traffic bit rate: When encapsulating
the traffic, guaranteed traffic will always have
space in the frame. Guaranteed traffic negotiates
at the beginning of the transaction a fixed
amount of bit rate within the frame structure,
and no other traffic may used it, guaranteeing
the system capacity for the service.
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