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ABSTRACT

Optical Communication Systems is a major course which offered in high-speed communication systems
module in communication engineering program. To ensure the qualities of good teaching and learning, some
activities need to be organized such as embedded laboratory in course. In this laboratory students are required
to make a mini-group project to design an optical communication system of the new millennium. This study
reported a plastic-based communication system in which students are involved with the development of its own
components transmitter, receiver and Plastic Optical Fiber (POF) devices. The Network is developed by using
LED sources which modulated with data at different transmission rates. The proposed system can be classified
as Green Technology because the fabrication process of devices (optical splitter) is done without involving
chemicals and gasses. The outcomes of this study enable the students develop their own communication system
using LED POF communication with high capacity, inexpensive and safe, and practice in their daily lives and
with the environmental friendly awareness.
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Introduction

In an effort to produce graduates with a balanced and an excellent university, the curriculum should be
made through the university censorship Philosophy of Education, Malaysia Education Act (1996), the
international requirements and educational psychology. Thus, university curricula must have a vision and
mission, goals and objectives, learning outcomes, curriculum content, organization of curriculum content,
teaching and learning strategies and assessment (Hamid, 2004). The curriculum for each course should be
developed in an innovative learning patterns that are more attractive and effective. One of the proposed activity
is the Embedded Lab. Embedded Lab refers to the practical work carried out in groups to enhance students'
understanding of a topic that is included in the syllabus of a course. Examples of projects that can be given
to students are in the System Design. This activity is more effective if the students attached to the research
laboratory which having expertise and good facilities. In this paper, we propose a project patterned green
technologies for optical communication systems simple. This paper give an example of embedded laboratory
project in Optical Communication System Course which offered to the final year students in the Department
of Electrical, Electronic and Systems Engineering, Faculty of Engineering and the Built Environment. Students
are required to test and characterize their work in group. The outcomes of this study enable the students
develop their own communication system using LED POF communication with high capacity, inexpensive,
safety and practice in their daily lives with the environmental friendly awareness. The student can strengthen
their knowledge on modulation and demodulation concept, intensity modulation, device fabrication, fusion, test
and characterization which have been covered in this course syllabus.

Optical communication is any form of telecommunication that uses light as the transmission medium. An
optical communication system consists  of a transmitter, which  encodes a  message  into an  optical signal,
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a channel, which carries the signal to its destination, and a receiver, which reproduces the message from the
received optical signal.

Fig. 1: Block diagram of proposed project which used LED as transmitter, POF Device & Medium and
Phototransistor as a receiver.

Transmitter:

An optical transmitter includes a light source. It will convert the digital signal into the light signal. The
digital signal is converted from voltage form to current form. The signal is then converted into the light form.
The light intensity depends on the total current flow. Coupler is used to connect the light source with the fiber
optic. There are 2 main light sources:
1. Light Emitting Diodes (LEDs)
2. Laser Diode (LD)

In this project we only look into the LED due to its safety, simple and environmental friendly solution.

Light Emitting Diodes (LEDs):

LEDs emit light when an electric current passes through them. LEDs are available in red, orange, amber,
yellow, green, blue and white. Blue and white LEDs are much more expensive than the other colours and the
beam is more converging. The colour of the LED is determined by the peak wavelength of the light emitted.
The advantages of LEDs are: 
- Small - Does not get hot in most uses 
- Low power requirements - Long life; no filament to burn out 
- Fairly efficient - Available in any color you would like 
- Low voltage; easily powered from batteries 

Light Emitting Diode Structure:

LEDs are p-n junction devices constructed of gallium arsenide (GaAs), gallium arsenide phosphide
(GaAsP), or Gallium phosphate (GaP). Silicon and germanium are not suitable because those junctions produce
heat and no appreciable IR or visible light. 

The junction in an LED is forward biased and when electrons cross the junction from the n- to the p-type
material, the electron-hole recombination process produces some photons in the IR or visible in a process
called electroluminescence. An exposed semiconductor surface can then emit light.

When the applied forward voltage on the diode of the LED drives the electrons and holes into the active
region between the n-type and p-type material, the energy can be converted into infrared or visible photons.
This implies that the electron-hole pair drops into a more stable bound state, releasing energy on the order of
electron volts by emission of a photon. The red extreme of the visible spectrum, 700 nm, requires an energy
release of 1.77 eV to provide the quantum energy of the photon. At the other extreme, 400 nm in the violet,
3.1 eV is required.

Plastic Optical Fiber (POF):

Nowadays, POF become alternative transmission media replacing copper or even glass fiber for short-haul
communication. POF links are becoming increasingly popular for applications such as computer or peripheral
connections, control and monitoring, board interconnects and even domestic hi-fi systems. Unlike glass fiber,
POF remains flexible while having a large diameter core and high numerical aperture, lead to high capacity
they can bring along the fiber. Moreover, the fiber is easy to handle with the potential for constructing
networks using simple conductor and easy installation procedures while retaining some of the advantages of
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optical fiber such as Electromagnetic Interference (EMI) immunity, non-conducting cable, small size and
security. Another feature is the use of visible light to transmit information. Similar to optical fiber, POF  is
made up of the core (carrying the light pulses), the cladding (reflecting the light pulses back into the core) and
the buffer coating (protecting the core and cladding from moisture, damage etc.). Together, all of this creates
a fiber optic which can carry up to 10 million messages at any time using light pulses.

Due to wide advantages of POF over copper or even glass fiber, POF are used widely in various optical
networks. Recent communication system over POF desires increasingly more bandwidth and therefore the
WDM system is the solution that allows the transmission of information over more than just a single
wavelength (colour) and thus greatly increases the POF's bandwidth. WDM is a technique that multiple signals
are carried together as separate wavelengths (colour) of light in a multiplexed signal.

Our research has successful in fabricating the POF device such as optical splitter and demultiplexer with
a special technique and equipment that can be claimed as the cheapest fabrication cost (Mohammad Syuhaimi,
2010; 2009; 2011; Mohd Hadi, 2009; Mohd Syuhaimi, 2010). With this knowledge and facilities we teach the
student on device fabrication technique and further will be used in their project.

Receivers:

The main component of an optical receiver is a photodetector, which converts light into electricity using
the photoelectric effect. It comes in many forms. The most notable of these are photodiodes and
phototransistor.

Photodiode:

Photodiode is a semiconductor diode used to detect the presence of light or to measure its intensity. The
principle upon which the photodiode operates is a quantum effect. Photodiode usually consists of a p-n junction
device encapsulated in a transparent plastic case that allow light in the environment to fall onto the junction.
The device is usually biased in reverse so that in the dark the current is small; when it is illuminated the
current is proportional to the amount of light falling on it

Project Objective:

The main objective of this project is to develop one green communication based on POF technology. To
achieve the objective some several task need to be completed.
1. Understanding the communication technology using optical fiber.
2. Designing the circuit for audio transmission using small world communication by plastic optical fiber

(POF).
3. Determining the components to design the circuit.
4. Determining the range of frequency the circuit can be used.
5. Determining the relationship between the frequency of transmitting and the frequency of receiving.
6. Determining the losses in the circuit.

Design:

The designation stages are divide into three parts, which is the transmitting circuit, POF splitter fabrication,
and the receiving audio signal. The more detail explanation for this designation are explain the following.

Transmitter Design:

Transmission of signal in optical fiber system is the same as the conventional transmission system. An
optical fiber system consists of a transmitter, a transmission medium, and a receiver. The transmitter accepts
and converts the electrical signal either in analog form or digital form to optical signal. The transmitter sends
the optical signal by modulating the output of a light source or in this case, an LED by varying its intensity.
The optical signal is transmitted over the optical fiber to a receiver.

The signal flow of an audio signal is often very long and convoluted and is represented in analog form.
In practice, analog signal is subject to noise and slew rate. The effects of noise create signal loss and
distortion. This is impossible to recover, since amplifying the signal to recover attenuated parts of the signal
amplifies noise as well. Therefore we use the sampling and quantization method as used in analog to digital
converter to reduce the noise and stabilize the signal. 
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Fig. 2: Circuit design for transmitter.

The audio signal which acts as the input to the circuit is of 3V if uses two of 1.5V battery. However the
audio signal of 5V is used to insert a maximum voltage to the amplifier before it amplifies the signal voltage.
Operational amplifier is used to amplify the audio signal by using the LM 324 which is suitable for application
with low voltage operation. In this case, a maximum of 5V voltage is used as the input. The op-amp has a
maximum short circuit rating of ±25mA. A constant offset is added and sum to a current which drives the
LED is also converted to meet the limitations of the maximum current of 50mA that can be achieved by the
LED. 555 Timer can be used for three different operations; Monostable, Bistable and Astable mode. In this
case, the Astable mode is chose because of its function as the oscillator. The circuit needs a continuous stream
of square wave pulses of a non linear frequency. However it doesn’t affect the result since the voltage reading
only depending on the pulse width instead of frequency.

2-input AND gate is used to logically multiply the analog signal from operational amplifier and digital
signal from 555 Timer. The output of this gate will be in the form of digital output pulses. 

The circuit that made of the components listed above is also known as the LED driver. It converts the
signal voltage to a current, adds a constant offset to it and apply the result to the LED. The light emitted from
the LED is injected into the fiber for transmission.

POF Splitter Fabrication:

Fabricated through fusion method by fuses and combine 3 POFs (in bundle form) and fabricate it ends
part in a shape of fused-taper-twisted fibers (diameter 1 mm). POFs will be twisted and pulled down while
it is fused in a heat of flame. Heating process was done indirectly, while POFs covered by metal tube. Thus,
heat was provided for POFs through metal tube heating (see Figure 2). Right after twisted closely of POF’s
centre part obtained, metal tube will heated up until centre part starting melt. Then, gently pull the POFs in
opposite direction, until the shape of that part taper twisted properly.

Fig. 3: Fabrication method of POF-based bundle fiber.
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After the fabrication done, with the result twisted bundle fiber with diameter 1mm, end of the fabricate
POF is cut into two separated fiber bundle and then cleaned by various sand paper type. It is also to make
sure that end of the fabricate POF is perpendicular to the fiber, which will reduce the loss. 

Process continue by efficiency testing for the newly fabricate POF. Testing was setup by using the
transmitter and power meter. These devices will determine the fabricated POF loss. First, the test was held by
using the industry fabricate splitter, which is use for benchmark. After that, the loss of industry fabricate
splitter is set as reference. Test continue by replacing the industry fabricate splitter with the newly fabricated
POF. Then, loss of the newly fabricated POF is determined. The POF with the lowest loss is select for the
project. 

Receiver Design:

The input of the receiver is RF signal from transmitter through optical fiber. The LM386 is a power
amplifier designed for use in low voltage consumer applications. Pins 1 and 8 of LM386 are provided for gain
control.

Fig. 4: Circuit design for receiver.

The connection of 0.1 microfarad capacitor between the power pin of the LM386 and the ground pin of
the device and 10 microfarad put it across the power and ground pins of the LM386 is to prevent the buzz
sound appear together with RF signal.

The capacitor put between pin 1 and 8 is to make the gain go up to 200 (46dB). The reason is for gain
the signal from optic at input.  For compensate the poor speaker bass, we placed series RC from pin 1 to 5.
The 10k resistor is function for stable the signal.

The capacitor placed at the end of circuit, to help remove ripple voltages to made voltage smooth and also
used for tune circuit to get the required frequency response, so the sound appear from speaker.

Methodology:

Fig. 5: Circuit for the audio transmitting in small world communication.
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1. Each resistor and capacitor is tested before build the circuit to make sure the components are in well
condition.

2. The transmitter and receiver circuit as the Figure 4 are built in the bread board.

Fig. 6: Circuit build on bread board.

3. The connection between the photodetector and the photodiode is using the splitter. The splitter are
fabricated as the method that have been discuss previously.

Fig 7: The POF splitter after the fabrication.

4. The input for the audio in + is supply from the function generator.
5. At 5kHz, the output frequency at each component (LM324N, NE555 timer, AND Gate, Photodetector,

Photodiode, LM386,and Speaker) are measured. 

Fig. 8: The testing at each components.

6. Observation at the photodiode, and the speaker are taken.

Fig. 9: Take the observation on the photodetector and speaker.
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7. The step 6 and 7 are repeated with frequency of the function generator increase 5kHz until 80kHz. The
results for this measurement are shown in the Table 1.

Table. 1: Measurement’s result at each devices.
frequency Frequency (kHz) Voltage (p-p)(V)
(kHz) LM324N NE555 4081 Tx Rx speaker LM324N NE555 4081 Tx Rx speaker
5 5 1.6 5 5 5 5 4.52 4.72 3.88 2.72 496m 2.74
10 10 1.6 9.97 10 10 10 4.52 4.72 3.92 2.74 380m 2.56
15 15 1.6 15 15 14.02 15 4.56 4.72 3.88 2.78 402m 2.34
20 20 1.6 20 20 20 20 4.52 4.72 3.88 2.96 680m 2.78
25 25.02 1.6 25 25 20.03 25 4.56 4.72 3.88 2.96 720m 2.5
30 30 1.6 30 30 25.5 30 4.56 4.72 3.8 2.92 890m 1.66
35 35 1.6 1.61 1.66 30.3 35 4.56 4.72 4 3.32 1.07 1.64
40 40 1.6 1.6 1.66 163.9 40 4.52 4.72 3.88 2.76 784m 1.46
45 45 1.6 1.61 1.66 90.05 45 4.56 4.72 3.88 3.32 912m 1.6
50 50 1.6 1.64 1.66 30.17k 50.2 4.52 4.72 4.1 2.84 1.09 1.54
55 55 1.6 1.61 1.66 34.57k 54.95 4.52 4.72 4.16 3 896m 2.28
60 60 1.6 1.66 1.66 33.11k 60.02 4.56 4.72 3.92 3.2 712m 2.28
65 65 1.6 1.62 1.66 129.4 65.03 4.44 4.72 4.28 3.2 1.06 2.12
70 70 1.6 1.66 1.66 139.5 70.01 4.48 4.72 4.32 3.12 1.02 2.2
75 75 1.6 1.66 1.66 29.48k 74.63 4.28 4.72 3.88 3.12 109m 2.06
80 80 1.6 32.2 k 27.11k 20.77k 79.58 3.4 4.72 560m 608m 712m 1.86
85 85 1.6 30.17k 32.59k 20.82k 84.96 2.92 4.72 808m 640m 728m 2.1
90 90 1.6 38.4k 30.1k 30.08k 90.09 2.56 4.72 640m 648m 1.06 1.94
95 270 1.6 33.3k 33.01k 20.83k 95.19 2.32 4.72 664m 728m 720m 2.08
100 invalid 1.6 199.5 29.3k 30.2k 101.5 2.16 4.72 696m 744m 1.16 2.18

Fig. 10: Adjusting the input frequency using the function generator.

Fig. 11: Test output at each devices by increasing the frequency.

8. The circuit are tested using the audio sound from the laptop. The observation of this test, are given in the
section observation.

Result and observation

The result for the circuit in the Figure 4 is shown in the Table 1. The output of the oscilloscope for every
section observation is shown in Figure 13. The graph for each measured are shown in the following figures
(Figure 14 until Figure 19). The observation along the experiment is explained more detail in the above
section.
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Fig. 12: Test audio input from the laptop.

(A) (B)

(C) (D)

(E) (F)

Fig. 13: Result taking at the output for each device on frequency 25kHz. Reading at the output of  (a)
LM324N. (b) NE555 Timer. (c) AND Gate. (d) Photodetector, Tx. (e) Photodiode, Rx (f) LM386
to  input Speaker
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Fig. 14: Comparison between input frequency and frequency at transmitter. Cut off frequency for transmitter
at 27.11MHz

Fig. 15: Comparison between input frequency and frequency at receiver. Cut off frequency for receiver at
30.179MHz and 29.48MHz

Fig. 16: Comparison between frequency at transmitter and frequency at receiver.  Cut off frequency for
transmitter at 27.11MHz. Cut off frequency for receiver at 30.179MHz and 29.48MHz
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Fig. 17: Comparison between input frequency and frequency at LM324N. Cut off frequency for LM324 at
270kHz

Fig. 18: Comparison between input frequency and frequency at the speaker.

Fig. 19: Comparison between input frequency and frequency at the 4081. Cut off frequency for 4081 at
32.2MHz
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Observation:

1. At 80kHz input frequency, the LED at the transmitter does not emit light anymore. At this point, the
frequency at transmitter and 4081 chip has increased drastically, that is at the cut off frequency 27.11MHz
for transmitter and 32.2MHz for 4081 chip (Figure 14 to Figure 16).

2. For LM324N at input frequency 100kHz, the input is invalid because the value is near infinity. The largest
frequency at LM324N is 270kHz at 95kHz input frequency (Figure 17).

3. The frequency at NE555 is same at all input frequency. 
4. When input frequency increase, the frequency at the speaker increase. The frequency at the speaker is

directly proportional with the input frequency (Figure 18).
5. The p-p voltage for LM324N is same at input frequency from 5kHz to 75kHz. After 80kHz input

frequency, the p-p voltage value begins to change.
6. The p-p voltage for NE555 is same at all input frequency.
7. The p-p voltage for 4081 and transmitter is about the same at input frequency from 5kHz to 75kHz. After

80kHz input frequency, the p-p voltage value has reduced drastically (Figure 19).
8. When the testing using audio from laptop, the speaker can give the sound of the song and noise. The

buzzle is not happen in the testing because of the low frequency of the song.

Discussion:

From the graph and table shown in Figure 14 until Figure 19, there are some observations have been seen:
1. Input frequency from the function generator and the frequency at the photodetector shown that the same

result until the frequency increase to the 35kHz. From this frequency, the frequency at the photodetector
is give high frequency drop from 35kHz to 1.61kHz. This happen because, at this frequency, the AND
gate of the output from LM324N and the NE555 timer give the results from the output NE555 timer only.

2. This situation happen because the circuit design just support the low frequency which is from 20Hz to
30kHz only. Above this frequency, it will give the noise and frequency drop and unstable.

3. To improve this problem, the gain at the transmitter can be increase. Although it is well below the current
limit of the LED, it is very close to that of the op amp. Since song has a high peak to average ratio,  the
input gain can be increased. This will cause some distortion due to clipping of the peaks, but will make
the voice signal louder. If this results in a useful improvement, increase the bias current (by reducing the
1.5k resistor in the LED driver) until clipping is eliminated or until positive clipping (due to op amp
current limiting) begins. 

4. Beside increase the gain at the LM324N, another method can be used is by remove the NE555 timer and
the AND gate. Replace this device by using npn transistor that function as switch that will give the digital
input at the photodetector.

5. As the test input from the audio from laptop, the speaker can function well but with noise. This happen
because the using of high sensitivity photodiode, which used for increase the signal level but also will
boost optical noise.

6. Transmitting the audio from the photodetector to the photodiode in the splitter are change from the
frequency 25kHz, and at the 30kHz and above, the frequency value slightly change. This situation shown
that the splitter used in this experiment produce high optical noise at high frequency. 

7. Losses in the optical medium occur because the fiber optic using in the experiment do not in well
situation. The fiber must connect to the photodector and photodiode without bending. The bending in fiber
will make the light in the fiber emit in unstable because these bend. Therefore, there are high optical noise
in this experiment.

8. The optical noise can be solved by using the optical amplifier with high gain in the optical splitter and
filter the signal before enter the receiver circuit. The filter will reduce the noise signal. Thus, the clear
voice in the speaker can produce.

9. Beside that, for improvement of this design, the interference source must be reduce. The phototransistor
will reduce the effect of electrical noise, but will amplify optical noise along with the desired signal.
Optical noise comes from other light sources. To reduce this noise, the sources must be identified and
either eliminate them or keep them from striking the photodetector. By now the major source of optical
noise in the lab has already been identified. One is to cover the (clear plastic) back of the photodector
and photodiode to keep light from entering via this path.

10. From the receiver’s graph, the frequency becomes unstable at the input frequency of 40kHz. The voltage
from the transmitter, photodetector, drops highly in the photodiode receiver. This happen because of noise
in the optical medium. 
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11. Therefore, the theory transmitting cannot doing well in this experiment. The speaker does not receive the
same frequency signal as the input frequency due to the losses in part transmitter and optical noise.

12. The buzzer happens when the high frequency is supply. This happen because of the grounding problem
in the circuit. There are many grounding in this experiment which makes the buzzer occur.

13. To solve this problem, the troubleshooting must be done. But because of time constrain, this grounding
problem cannot be detect.

Conclusion:

The concept on small world communication by using plastic optical fiber (POF) has been explained. This
experiment is design for transmitting audio signal using the photodetector and this designation is suitable for
the low audio frequency which in range 20Hz to the 20kHz. The students have observed the frequency receive
at the speaker is equal as the frequency transmit. The losses of this experiment is because the optical noise,
and losses in devices. The grounding in the circuit is more than need. This make the buzzer occur. This
experiment is successfully for transmitting the audio signal at the low frequency.

Although the project is based on the fundamental set up of optical communication system based POF
technology, but the research outcomes are valuable and beneficial. The combination of theoretical knowledge
in class and practical work in laboratory added with some research recipe ensure the learning process will
become more attractive and contributive.
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