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ABSTRACT 

One of the short range wireless communication system in optical is visible light communication (VLC) 

system. In VLC, visible light acts as medium to transmit data using light emitting diode (LED) bulb, distinct in its 

intensity to differentiate the digital inputs 0 and 1. Light fidelity (Li-Fi) technology is capable of being a substitute 

and support of Wireless Fidelity (Wi-Fi) technology because of its speed, security and less interference. It is 

necessitate incorporating Li-Fi technology with dimming for making commercial implementation of LED based 

VLC systems feasible. The paper provides an overview about the integration of dimming with LED based VLC 

systems in indoor communication, where it is needed in energy saving. 
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1. INTRODUCTION 

The initiation of cell phones in the 1980s marked the commencement of marketable mobile communication. 

Now, in our everyday lives, it is observed that wireless connectivity has turn out to be a necessary service as like 

electricity, gas, and water as in elon.edu (2014_survey). The wireless network data transfer is predictable to enhance 

tenfold through the next four years mentioned in tomshardware.com. Yet, there is not enough RF spectrum available 

to convene the growing demand. Thus, the US Federal Communication Commission has given a prudence of a 

potential spectrum crisis provided in the site https://www.ic.gc.ca/eic.  

Light Fidelity is a new wireless communication technology which enables a wireless data transmission 

through LED light mentioned by Pushpendra Verma (2015). The LED source is estimated to be widely used in future 

communication as it motivates illumination and communication by means of visible light. LED source helps in saving 

more energy over incandescent and fluorescent sources; this acceptance creates an opportunity in the substitute of 

devices. As LEDs can be effortlessly modulated for communications, the device can be opted to provide indoor 

communication pointed out by Komine and Nakagawa (2002). 

Need for Light Fidelity Technology: The claim for wireless data transfer has been amplifying every year as the 

whole world longing for wireless access, and the mobile data traffic will grow at a CAGR of 53 percent from 2015 

to 2020 provided in the site http://www.cisco.com/c/en/us/solutions/collateral/  To meet this overload, Li-Fi will be 

the better solution. Li-Fi can provide high density wireless data coverage area with less radio interference. Table 1 

below shows comparison between current and future wireless technologies by Akanksha (2015). The new optical 

technology Li-Fi provides data transmission at higher rates. 

Table.1. Comparison between current and future wireless technologies 

Technology Speed Density 

Wireless (Current) 

Wi-Fi IEEE 802.11n 150 Mbps Low 

 Bluetooth 3 Mbps Low 

IRDA 4 Mbps Better 

 Wireless (Future) 

Giga- IR 1 Gbps Better 

Li –Fi >1 Gbps Best 
Laser: Hazardous Source: The laser situates powerful and highly directional beam of light but if exposed results 

in damage to the eye and skin. The eye of human being is uncovered to injury caused by Laser than human skin. In 

sort to review about potential hazards and danger of exposure to hazardous levels of laser emission, it is essential for 

both users and operators to have a methodical perceptive of laser science. Risk levels may differ for each person 

concerned with the laser equipment. The level of hazard also differs with clinical applications. In this regard the 

operators and users require education, training, and experience in handling the equipment. The Class 3b or Class 4 

laser structure causes damage to the eye depending on wavelength of the laser, if unprotected it’s going to be speckled 

danger for handlers. 

Led: Harmless Source: The traditional technologies were using incandescent lamps and fluorescent tubes to transfer 

the data whereas the future technology can use LED lamps as it is harmless source. The section of blue in LED is 

not dissimilar from the section of blue in lamps used in other technologies at the similar color temperature. Blue light 

with wavelength around 460‐480nm normalize the biological clock, alertness and metabolic processes of the human 

body pointed out in the content provided in the site https://moodle.polymtl.ca/mod/resource/view.php?id=223708  In 
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outdoor, the daylight provides this function by nature. Most of the people spend their day in indoors (offices etc.) 

and are not open to the blue light which the body requires. The adversity can be corrected by producing the artificial 

lighting conditions to create a balanced atmosphere using blue and cool white light source therefore the people shall 

get their every day portion of blue light to remain their bodily processes in tune with the natural day‐night rhythm 

pointed out in the content provided in the site https://moodle.polymtl.ca/mod/resource/view.php?id=223708  LED 

based light sources don’t give out any UV radiation and are not harmful to people with an exact sensitivity for 

influenced UV radiation. 

Li-Fi Using Led To Transmit Data: An LED is a PN junction diode that produces narrow spectrum light in a type 

of electroluminescence. Electroluminescence, an optical and electrical based phenomenon which give offs light in 

conformity to the electric current conceded through it. LEDs of colors like red, blue, orange, yellow are capable of 

used in Li-Fi Communication scheme. To attain high data rate, phosphor-coated white LEDs and red green-blue 

(RGB) LEDs can be used since they are capable of achieving high data rate more than 1 Giga bits per second by 

(Khalid, 2012; Cossu, 2012).  

The process of imposing data on the light stream is called modulation. The broadly used modulation method 

is ON-OFF keying (OOK), where the light stream is twisted ON or OFF, based on the data bit 1 or 0. OOK modulated 

signals are frequently realized using direct modulation. Direct modulation is uncomplicated and economical since 

no added components are necessary for modulation other than light source.   

Optical links can be recognized using direct detection receivers. In a direct detection receiver, the expected 

optical intensity is distinguished without extensive front-end optical processing. The straight detection system is 

structurally uncomplicated and simple to implement. The direct detection receiver detects only the intensity 

fluctuation, based on the fluctuation it distinguish the data in terms of ones and zeros. 

 
Figure.1. Block diagram of an optical intensity direct detection communication system 

Owing to the discrete nature in the flow of current the shot noise occurs in electronic devices such as diodes, 

in photo detector circuit a current pulse is generated every time an electron is emitted by the cathode due to incident 

light from a LED source of constant intensity. The electrons are naturally emitted at random times denoted by 𝜏𝑖, 

where -∞ < i < ∞. Electron emission is random it have been going for a long time.  

The total current flowing all through the photo detector may be represented as an infinite sum of current 

pulses, as shown by,  

X (t) = ∑ h(t − 𝜏𝑖)∞
𝑖=−∞  

The mean of X (t) is 

𝜇𝑥=λ ∫ ℎ(𝑡)
∞

−∞
 

Where ℎ (𝑡−𝜏𝑖) is the current pulse generated at time 𝜏𝑖.The process X (t) is a stationary process defined as 

the shot noise.  

The auto covariance function of X (t) is,  

𝑎𝑥=λ∫ ℎ(𝑡)
∞

−∞
h (t+𝜏) 

The numeral of electrons, Y (t), produced in the time interval (0, t) constitutes a discrete stochastic process, 

the value of which increases by one every time an electron is emitted.  

Let p number of electrons, emitted between times t and t+𝑡0, the mean value defined by,  

E[p] =λ𝑡0 

Where λ is called the rate of the process. The sum of electrons produced in the interval (t, t+𝑡0) is given as,  

p=Y (t+𝑡0) - Y (t) 

The probability𝑃𝑑, for the electrons produced in the interval (t, t+𝑡0) is defined by,  

𝑃𝑑 = 
((λ𝑡0)𝑡

𝑖!
𝑒−λ𝑡0 i=0, 1, 2 ……… 

http://www.jchps.com/
https://moodle.polymtl.ca/mod/resource/view.php?id=223708


Journal of Chemical and Pharmaceutical Sciences                                                             Print ISSN: 0974-2115 

JCHPS Special Issue 11: July 2017 www.jchps.com                                                                                      Page 146 

 
Figure.2. Pulse generation 

Working of Li-Fi: As shown in Fig.3, Data is fed to the LED light bulb which is in integral with signal processing 

technology by Akanksha (2015). The LED bulb pulsate the information at a prominent non-visible speed to the photo 

detector receiver. The pulsation be taken by means of the receiver as an electrical signal and then transformed back 

as web content in the form of binary data. Networked LED lights make multiple users to access data by means of a 

solitary LED light or by moving from single LED light to another, without distressing their access. 

 
Figure.3. Functional block of Li-Fi (Source: Pure Li-Fi) 

Li-Fi at Indoors: Projection of light provides the admittance area for each channel and be able to transfer data for 

numerous users. With more number of users, RF spectrum gets slow down in download speeds in Wi-Fi, whereas in 

Li-Fi by having more number of access points, it provides fastest downloads for several users. Homes installed with 

LED lighting envision the inter link of devices such as televisions, computers, ordinary domestic appliances such as 

fridges, washing machines, microwaves and vacuums etc. 

 
Figure.4. Various applications of Li-Fi in indoors 

Dimming Schemes: In LED the dimming can be done by regulating the forward current all the way through it. The 

two ways of achieving dimming is analog dimming or digital dimming techniques, adjusts the forward current all 

the way through the LED. The continuous current reduction (CCR) method is an analog dimming technique in which 

radiated optical flux is varied directly by changing the current amplitude. The OOK is the simplest digital dimming 

technique, in which binary bit ‘1‘ and ‘0‘ are symbolized for ‘ON‘ and ‘OFF‘ pulses. To increase power efficiency, 

the pulse position modulation (PPM) dimming technique can be used, in which the position of the pulses in a time 

frame is varied to represent the binary bit ‘1‘ and ‘0‘. In pulse dual slope modulation (PDSM), the rise and fall time 

of the pulses decides the brightness intensity of the illumination source. In pulse width modulation (PWM), digitally 

modulated pulses drive the LEDs at a constant current. The average duty cycle is changed proportionally to get the 

desired dimming proportion by Fahad Zafar (2015). 

VLC with Dimming Control: The block diagram by Fahad Zafar (2015), shows the dimmable VLC system using 

intensity modulation and direct detection in Fig.5. The user can transmit the information and can set the dimming 

level depend on individual fondness. The LED at its operating region is biased by means of a bias tee. The dimming 

signal with the biased modulating signal is combined using the driver circuit with a set of transistors, switches the 

LEDs based on input 1 or 0. The intensity modulated beam moves across a wireless channel and is received by the 

photo detector. Amplification and detection is applied to retrieve the encoded data. 
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Figure.5. Dimming control in visible light communication 

In indoor systems dimming control can be put in for power savings and also provides comfort to end users. 

Both analog and digital dimming schemes are effective based on the applications on which they would be 

implemented. The unobserved critical features of VLC method are quality of light and power consumption. For 

reading and writing tasks, a luminance level of 300 lux (lumen per square meter) is suggested whereas 30 lux is 

adequate for computer task mentioned by Gancarz (2013). The data rate, BER, and SNR distribution intended for 

VLC link is shown in Fig.6, by Fahad Zafar (2015). It is evident from the figure that in the occurrence of dimmed 

LED, the attainable data rate is low, SNR is low and the BER is moderately high by Fahad Zafar (2015). 

 
Figure.6. Data rate, BER and SNR due to varying forward current of a LED 

Li-Fi: The Superior Communication Technology: Light carries the information in Li-Fi which is not subjected to 

interferences like radio frequency signals which are forbearing to instability. Thus, it‘s possible to replace Li-Fi 

instead of Bluetooth, infrared and Wi-Fi. Shortages in the usage of RF bandwidth can be overcome by Li-Fi. Data 

will be transmitted with security among the users since light is opaque. Li-Fi is capable of delivering high-speed, 

bidirectional, networked mobile communication. The directional lighting, energy competence, inherent security, 

elevated data rate potential, signal jamming by walls and incorporated networking capacity are the key features of 

Li-Fi. It promises speed, security and condensed device interference in communication. 

2. CONCLUSION 

As airwaves are clogged due to increasing users day by day, it will create scarcity of radio-frequency 

bandwidth. The Li-Fi can be deployed to access wireless internet, and to transmit data at higher rates and much more. 

Li-Fi hotspots can be made by fixing numerous LEDs or LED panels indoor to transfer data among various devices. 

Li-Fi is presently a great treaty offer as it is an efficient substitute for radio-based wireless communication. Using 

this emergent proficiency, it is possible to have high rapidity in data transfer among devices in indoor environment. 

Dimming in VLC will give significant energy saving and allow end users to have full control in light output making 

the entire system proficient for profitable implementation. 

Future Prospects: Implementing dimming schemes has an undesirable effect on communication since it fixes the 

average intensity in light source thereby diminishing the attainable bit rate. Dimming support was recognized as one 

of the key challenge in VLC by the IEEE 802.15.7 task group. Experimental characterization of adaptive techniques 

to counter the deterioration in communication performance under dimming is considered to be carried out in the 

future efforts. 
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