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Abstract: Problem statement: Multimode fiber cables can conduct many light rapsl can operate
free of disruption and with a greater bandwidthntlaawireless connection. However, due to a slight
variation in the speed of the light rays througé thultimode fiber, a signal transmitted by all lnése
rays becomes spread out. Consequently, the sigpatsme broader and therefore fewer signals fit in
the fiber, limiting the transmission capacity. Thefemands grow almost daily. Hence new ways of
splitting methods must be found to satisfy all &gilon demands, especially related to automotive
application.Approach: Home-made 212 optical splitter based on polymer optical fibeaterial base

is one of the most innovative technologies on @bttomponent which can be applied on some useful
application. A perform technique had been usedkwi¢ate kind of splitter. In order to develop such
an efficient optical device which can be integraited the body of automotive field, research with a
good specification-oriented study tent to be condual it must be passed through a well-planned
fabrication technique together with a proper chir@zation process. Multimode Step-Index Polymer
Optical Fiber (SI-POF) type made of polymethyl naettylate (PMMA) with @, = 1 mm and NA:
0.50 fully utilized in this research, as PMMA iseoaf the most commonly used optical materials. This
material has been chosen as a base of splitter modyfused-taper-twisted shape, produced by a
unique fabrication stages. PMMA-POF can easily $edwnear it operating temperature between -40°C
to +115°C.Results: By injecting650 nm wavelength of red LED, characterization psscstart plays
an important role in investigating level of effinigy of the device.Some parameters, such as optical
output power and power losses on the devices waesereed. Although the maximum output power
efficiency of the splitter is about 40% but it che improved gradually through experience and
practice.Conclusion: The fabrication process is simple, easy and deitabbe used by household.
Moreover, the users can determine the size ofahedated device themselves. The POF-based optical
1x12 splitter had been suggested to be applied imimnaobile application to overcome blind spot area
tracking problem as a one of low-cost solutionhia future and also in home networking to avoid the
bottleneck occurs between ONU and electronic appdéis, resulting increase the speedy of data
communication.

Key words: Polymer optical fiber, plastic optical fiber, PORand-made coupler, step-index, Sl,
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INTRODUCTION in automobile field because POFs have some unique

characteristics, such as flexibility, easy to handl

In the past few years, number of applications inrelative low cost in coupling due to their largereo
automobile technologies based on optical fiber saliametef**”! heat-proof, immune for noise (external
rapidly developed as in the area of optical shange  electromagnet  disruption), suitable for data
communication. Demand POFs in application ofcommunication for long distance up to 100 m, high
automobile technology was relatively hith”. POFs  speed data transmission (400 Mbps for Sl's typeland
have attracted much attention in past decadesiefipec Gbps for Gl's type), higher bandwidth (exceed 4 5Hz
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and have losses below 25 dB Rradditional loss once

it benf*5 In vehicles, airplanes and rail
transportation more and more digital communications
connections are being utiliZ8d As a result, increased
demands on the architecture of the data connectiens
well as the transmission media are being tthde
Due to fact, that automobile field the step tovgard
digitalization has long been made, POFs can meayma
of these requirements to an optimum degree and are
therefore increasingly of interest. Likewise, ineth
automotive technologies based on passive nighbrjsi
POFs can be applied to support these systems. §&dpo
study for passive night vision was defined by passi
imaging system based on optical fiber sensofFig. 1: Blind spot area tracking with conventiosale
application. This sensor application was kind of and rear-view mirror
technology based on optoelectronic and optical data
communication through optical fiber. Optical fiber .
sensor gave more advantages compared with electroni %M@
sensor due to it quality, high sensitivity, highesd
data rate, low power budget and low cost components
required. Fig. 2: Fabrication of fused-taper-twisted POF
Optical imaging through optical fiber defined as a
light transmitting system which being reflecteddnye  splitter made from waveguide based has been fabdca
of an end of optical fiber to another. This process in full-equipped laboratory with the cost for eagfit is
be successfully worked once a source of light aopli approximately more than 1000 USD (1:12 ratio). As
on it, triggered the switching speed, with an appite ~ compare with our self-fabricated POF device whiu t
wavelength and high optical output power. It islaghl ~cost is less than 10 USD. The customer themseles ¢
passive system; they used the surrounding light afbricate the device with simple apparatus set up.
source to lighten up focused objects. In this study, as a preliminary work on the
In the context of automotive or driving, the investigation of prototype characterization, it cals
particular invisible area by the driver either from carried out to develop the design of end part skl
forward direction or backward called blind spotaare taper-twisted ~ POF  splitter.  In  prototype
Tracking over blind spot area focused on the behingharacterization, some experiments were conducted t
part of vehicle, because while driving, the atemtbf  determine optical output power, POFs attenuation
the driver was more focused on forward area and theharacteristics and power losses on the network. We
eyesight range of behind vehicle was less. propose 121 POF optical splitter uses for passive night
Many research come out with their own proposedvision development. The edge of 4 groups fiber ¢teid
technology have been carried out, start fromof 3 fibers together) are polished to capture ¢iffety
conventional side mirror (Fig. 1) until costly adead image of automotive back area with the assisting of
ultrasonic sensor which put in the bumper part ofnature sunlight (day used) and back lamp lightHhig
vehicle. Although various methods were introduced t used). With the signal processing for the further
track blind spot area yet respectively has distiect processing ensure the vision is clearly and attreigt
weakness. Therefore, further study need to bdut in this study we highlighted on the fabricatiand
developed to solve the blind spot area trackindlgra ~ characterization of412 POF optical splitter which can

and overcome the weakness of previous methods. be used as sensor in this application proposal.
Passive night vision with POF-based technology
expected to be able to compete with other previous MATERIALSAND METHODS
method to overcome the blind spot area tracking
problem. Study for characteristics of POFs wasthyri POF-based splitter is an optical device which

required to conduct for achieving desired desigthwi ended by 12 POFs, while the other side @nhdg
some detail modification. In this case, the progose 1 POF. Furthermore, they both work bidirectional.
fabrication design finally comes out with a readd-  However, they can work from the 1 POF into 12 POF
taper-twisted POF splitter (Fig. 2). The existomjical or vice versa, for passive night vision applicative
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need to apply splitter function which operateohf To fabricate the final product of oplic
12 POF combined into 1 POF, based on the objeofive 1x12 splitter, some stages has to be done, start from
the research to ensure 12 separate optical sitmdde fiber fusion, bundle formation and finalized withlde
linked into one coupled signal, as a centralizedointing. Fusion method either for opticalx3lor
monitoring concept to overcome blind spot problem.  1x4 splitter has just the same principle. Fabricated

In development process ok12 splitter based on through fusion method by fuses and combiner3
POF technology, multimode SI-POF type made of4 POFs (in bundle form) and fabricate it ends paa
polymethyl methacrylate (PMMA) 1 mm core size fully shape of fused-taper-twisted fibers (diameter 1 mm)
utilized in this study, as PMMA is one of the most POFs will be twisted and pulled down while it iséd
commonly used optical materials, Due to its infidns in a heat of flame. Heating process was done iatijre
absorption loss mainly contributed by carbon-hyerog while POFs covered by metal tube. Thus, heat was
stretching vibration in PMMA core PJE Prototype  provided for POFs through metal tube heating (5)g.
development gives a priority in fabrication mettuge Right after twisted closely of POF's center part
to expectation to generate an optical splitter wita ~ Obtained, metal tube will heated up until centert pa
specifications which meet research’s requirementStarting meit. Than, gently pull the POFs in opfosi
Development process for the proposed technology cafiirection, until the shape of that part getting etap
be shown in Fig. 3. twisted. _

In this study, optical 212 splitter developed by the However, some of the POFs successfully fabricated

S . . . before, some damaged sample still found from the
Jomyng of O.ptlcal %3 splitter and Optical M (both fabrication aspects ofgit e.g. irgperfect shapsasple
devices fabricated based on fused-taper—tW|sted)POFCan be called ideal onz,:e its, diameter uniformlyeflis
Other specification for the design, the1® splitter

o : taper-twisted approaching 1 mm. To confirm that
reach data transmission distance up to 25 cm.fitere  gampies unable be used in characterization testing,

a POF cables (11-13 cm length) is required tofdeell  hese sample will be tested by red-LERedtion.
with end part of 3 splitter (as an output) to input of

1x4 splitter. Basically, this opticalx2 splitter design
(Fig. 4) formed by all four opticalxB splitters arranged

in series and this series arrangement connected wit
optical 1x4 splitters parallel.

Prototype design

Optical 1x3 splitter fabrication
v Fig. 4: Final product ofoptical 1x12 splitter for
Optical 1x4 splitter fabrication passive night vision application

Counter-clockwise twisted Clockwise twisted

Bundled-POF bulk and
properly-twisted

Is the sample
well-formed-

Pulltoleft Pull to right

Jointing process of X3 and x4 optical
splitter through pigtail

v

Final fabrication of %12 splitter

Fig. 3: Flowchart for prototype development process  Fig. 5: Fabrication method of bundle POFs
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Deformed part

(b)

Fig. 6: Final product ofused-taper-twisted POFs in
(a): Well-formed and (b): Deformed shape

1«3 optical splitter
Connector
POF cable

Fig. 7: Connection between opticat3 splitter with 1
mm POF cable

It is obtained that red-LED will not came out frdhre
samples in a bad quality. Thus, the samples capmot
use in characterization testing (Fig. 6a and 6b).

To connect optical X3 and k4 splitter, research

. 2 (2): 252-259, 2009

Connector

Sheated PO ] POF cable
P
T = Socket
s 2
e

14 optical splitter

Fig. 8: Connection betweenx4 splitter with 1 mm
POF cable

Fig. 9: Characterization process by utilizing 65 n
wavelength for red LED injected into bundle
fiber to observed level of efficiency for each
fiber

=

Red LED light released

650 red LED wavelength has
from all three output port

been injected from one input port
of bundle fiber

Fig. 10: Coupling method for the three optical dedp
signal

After successfully linked the opticalx3 splitter
with one side of POFs cable, fabrication method
continue by connecting the other side of POFs cable
with optical x4 splitter with the same method
explained before (Fig. 8).

In this study, characterization process need to be

suggests using 1 mm POFs cable. Connection betweeyarried out for each fabricated optical splitteack of
1x3 splitters and POFs cable joint by POFs connectodeveloped splitter must be able to coupling every
(I mm core diameter with jacket). POF connectoroptical signal to generate one coupled optical align

contains two difference socket side, the one wittide
socket pit while other have a narrower. The end pfar
1x3 taper-twisted POFs inserted into the socket with
wider slot and glued properly, so that the conmecti
will be difficult to be pulled out. While the othestot
side of connector inserted by POFs cable (Fig. 7).

255

with low power loss. Optical power meter has been
used to measure the optical power from POFs. Before
the switch opened, it is obtained that 0j0& for it
zero error exists on the meter. It is stated tHap\w
optical power of red LED was injected as an optical
input power for each POFs (Fig. 9 and 10).
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RESULTS The result obtained as shown in Fig. 10, research
still continue by choose the best four sample teckh

The best ten sample has been fabricated and eathe level of power efficiency bidirectionally ofx3
of them have to be pass through a characterizatiooptical splitter. The purpose of this measuremsrbi
stages, which lead to observation on level of igfficy = check wheatear the coupling method is sufficient
for each sample. Red LED with 650 nm wavelength hagnough to be conduct on the device. Hence
bees injected into the fibers, once the light tgfothe  measurement and comparison for both port 88 3
fiber start from the input port to the output, sure gplitter need to be conduct as shown in Fig. 14.
caused a deviation on power of the light itself.

The analysis of the prototype characterization was 3
carried out, especially for it efficiency percergagf | AIRE
each POFs. Hence the comparison for the all power% *
efficiency of optical k12 splitter based on POFs has
been observed, which the 1 end-POF act as an amplt
the other side which consist of 12 POFs statednas a
output, the comparison between input and output has
been calculated (Fig. 11).

From the observation above, the power efficiency
of each output shows a different value with a maxim 0
power efficiency reaching 40%. It is true; becaeser
could be happen on it either while fabrication s
or characterization test stages imposed on the
Average power of all samples shown in Fig. 12.

Irregularities of controlled heat while heating
process exposed on the POFs become one of the major
problem, due to it lower melting point makes core ! d
structure of POF could be more sensitive on heating .
process. Once it is damaged, it is hard to leglat lpass
through the core, or even not pass at all. Accgrdin
Fig. 10, graph for the efficiency and power loss
percentage of each sample can be obtained (Fig. 13)
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Fig. 11: Comparison of each POF output port which (b)

has been injected with 1% from the input . _ o
port (1POF), maximum efficiency of the Fig.13: Observation for power (a): Efficiency aft:
splitter reach up to 40% Loss for all samples
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p; Input port 1

p:ol Qutput port 1,

'
Input port 2 |

; p:oz Output port 2

1 Input port 3
'

() (b)

Fig. 14: Bidirectional measurement test faB3plitter from (a): X-Y side and (b): Y-X side
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Fig. 15: Observation on both sides 0f33bundle fiber for a purpose of comparison on gfficy of each port
whether from (a): X-Y side and (b): Y-X side
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Fig. 16: Bidirectional test for>d4 optical splitter from (a): X-Y side and (b): Y-s{de

For this measurement stage, the best four samples Bidirectional measurement test also conducted for
which have been chosen are sample A, B, C and Hx4 optical splitter, it is for testing whether batide of
which is have the highest level of power efficiergnyd  splitter has a significant deviation or not, innteof it
will be injected with 3 uW input power measured bypower efficiency. Method of this measurement could
digital optical meter. Characterization processrefer to schematic diagram from Fig. 14 with a few
conducted twice and started with measure the figit different, it is from the number of the port, whifdr
from the one input (X side) into the three outpottfY  this stage the number of input and output portfane.
side) using power meter and otherwise. Resulttier t Observation for this test can be shown in Fig. 16.
two measurement test can be observed in Fig. 15.
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DISCUSSION differences obviously happened. If the input fibhes a
smaller aperture, the light is completely guidedthy
1x12 hand-made optical splitter based on Polymeputput fiber. However, if the NA of the output fibes
Optical Fiber (POF) is one of innovative optical smaller, there will be some losses.
component which able to split a coupled signal in a  From the structure of bundled fiber itself, Rough
such a way it can communicate bidirectionally fromsurface here, due to a fusion and twisting procalss,
transmitter to receiver or otherwise. In order éweglop  play an important role to bring some losses inte th
a complete set of splitter, it is necessary to $tigate  splitter. This changes the light path and part o t
the performance of it parts, consist of four uoitsix3 ~ power is lost through diffraction or scattering. A
optical splitter and cascading them into one umi# 1 SPecific problem of the rough surfaces is thatliflet
optical splitter. does not necessarily have to be lost immediatethet
Before joint both splitter, first job must be doise coupling spot. Rather, a part of the light can be
choosing the right sample, so that all parts ofttepl converted into large propagation angle. By means of
can transmit light as efficient as possible. Whilemode-dependent attenuation it can then be lokt bty
choosing the right sample, characterization process little in the following centimeters. In conclusiohere
be made upon each splitter. For example, in order tStill many factor possibly to explain which able to
develop a complete set o4 splitter, initially, we have affect the efficiency of the splitter, due to trmldre
to fabricate 4x4 optical splitter than we cut orfete ~ from fabrication process, but the main point heréne
side while just let the other side have four peatthat ~Performance still can be improved gradually through

we get a ¥4 port bundled fiber. The problem here is 8XPerience and practice.

how to choose the right side to be cut.
In this study, bidirectional test has been condoct CONCLUSION
measure how efficient both port of bundled fibefobe In summary, a fused-taper technique has been used

being cut one of the sides. After the efficiencyeleof  to fabricate %12 optical splitter with based on POFs
each port has been obtained, decision to cut orleof technology. Multimode SI-POF type with 1 mm core
sides will be made. size fully utilized for the base material of thdlitser.
Result from best four samples ok&3l optical Some procedures, such as fabrication and
splitter performance have been obtained, as wesean characterization stages have been carried outvelafe
all of the three output port from splitter note@be the the splitter. Red LED with a 650 nm wavelength has
same intensity of light from the three port. Thestj been injected into the splitter for the purpose of
give one output port with the highest power, whie  characterization testing to analyze the level ofvgo
other two ports release a very low intensity of kBD  efficiency of the splitter. Final analysis showsatth
light. Here shows that, coupling process does nogfficiency of splitter output able to reach up @94
efficiently work inside the body of bundled. This POF-based optical x12 splitter have been
Measurement test from X-Y side indicate thatgyggested to be applied into automobile applicatipn
efficiency of power transmission approximately teac overcome blind spot area tracking problem as aajne
up to 80% efficiency with 3 uW initial power from |ow-cost solution in the future. As advised, PORsse
injection of red LED. While, measurement conductsyj pe connected with opticallL2 splitter, in this case
from the other side, from Y-X side, the meter justihe gpjitter will be act like an optical network ish has
obtained 65% efficiency of the device. In conclusio g fynction to coupling the optical signal (blincdbsprea
the deviation of two different ports is occurredhioh image) from all of installed POF to become one
X-Y power flow is 15% more efficient than Y-X. coupled signals (221) to be sent into POF transceiver
While for 4x4 splitter, the best performance foe t (¢, gptical signal processing). It is recommended

splitter able to reach 60% of power efficiency camejngia|| all of 12 POF sensors into the bumper bsidee
from X-Y flow measurement, while the worst deviatio of vehicle, in order to obtained wider imaging fidli

between X-Y and Y-X measurement approximatelyspot) area.

30% different. Here, X-Y power flow shows a better * g ther study about interfacing POF-based system
performance than it opposite. Many factors inflenc ¢, he automobile application are advised to be
the dewa_\tlon occurred from b_oth side of splltllérght_ conducted, all the way to improve the efficiency of
after fusion process done, final result of thet&li  poEg power transmission, in order to overcome blind

should gain a differences in numerical aperturaime o)+ 2rea tracking problem with passive night visio
that the device is a hand-made product, so th%gplication. ap P d
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