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Abstract. An appropriate modulation scheme SC-PPM is considered in this article for the high 
density visible light communication (VLC) system. Compared with OOK, SC-PPM is a more power 
efficient and reliable scheme and it can achieve the requirement for both illumination and 
communication. An optimization problem is formulated to reduce the total transmitted energy 
produced by LED lamps while satisfying the desired illuminance level and communication quality 
index. the simulation result show that SC-PPM can save the energy consuming compared with 
traditional PPM. 

I.  Introduction 

Currently, LEDs are popularly employed in our daily life due to various advantages. With the 
popularity of LED lamps, visible light communication based on the LED lamps will face with a 
unprecedented development opportunity. According to prediction, there will be millions of LED 
lamps in our daily illumination and a huge visible light communication network is gradually 
formed. 

Advanced modulation formats are becoming increasingly important in the high density VLC 
system. Due to the advantage of simple on-off switching controlling, OOK modulation can be easily 
used in visible light communication[1]. However, lighting plays a key role in LED-based VLC, the 
possible a series of sequence of consecutive zeros or ones will cause an unbalanced optical power 
on LED lighting.PPM is a good way to resist the unsteady illumination caused by OOK, it is widely 
employed due to the advantage of good power efficiency and low bit error rate[2,3]. 

In the high density VLC system, the electric energy consumption produced by LEDs will 
become an important index to measure the performance of VLC system. While the illumination is a 
key contribution to electric energy consumption of LED lamps, as the function of communication 
adds to LED lamps, it will consume more energy than lighting alone. Therefore, the influence of 
VLC energy consumption should be taken into consideration. 

Recently, SC-PPM has been studied to combine communication with illumination. Compared 
with PPM,SC-PPM transmits optical signal by using sub-carrier of frequency 28.8kHz[4] and it is a 
more reliable scheme because it can get rid of the influence of background light effect produced by 
LED lamp[5]. In the SC-PPM scheme, an energy optimization problem is formulated. We can 
change the modulation depth of SC-PPM to achieve the optimization of the LED lighting and make 
it a energy efficient way according to the required illumination level and communication quality. 

The rest of this letter is organized as follow. In section II, we compare the transmission capacity 
and bit error rate (BER) between SC-PPM and OOK. In Section III, a method of optimization of 
LED power consumption is taken into account and simulation result is presented. Conclusion is 
drawn in section IV. 
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II. Modulation scheme performance 

1.structure of SC-PPM 
SC-4PPM waveform 

   

           
Fig. 1. SC-4PPM signal waveform 

This article considers an SC-PPM scheme for modulation in the high density VLC system. The  
structure of the SC-PPM is divided into two components, including the subcarrier part and a DC 
part. Taking an example of SC-4PPM, a transmitted symbol is divided into four intervals. The 
symbol value depends on the position of sub-carrier, the other three slots have a constant DC 
amplitude . By changing the value of a, b ,c, the brightness index can vary from 0% to 100%. 
2. Required bandwidth 

Using bit rate to measure the capacity between SC-PPM and OOK and make a comparison under 
the condition of the same slot width. If a slot width is TS, the capacity of OOK Rb is 1/TS. If a 
symbol is N bit, the length of symbol is 2N TS, the capacity of SC-PPM is R’

b=N/(2NTS). The ideal 
low-pass bandwidth is B=Rb /2. Therefore, under the condition of the same bit rate, the required 
bandwidth ratio for OOK and SC-PPM is B/B’=2M/M. 
3. Bit error rate 

The bit error rate for OOK-coded optical signal, detected with a photodiode, can be expressed as 
a function [6]: 
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Under the Gaussian noise channel, the bit error rate for PPM can be expressed as a function; 
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Fig. 1.Bit Error Rate versus SNR plot of OOK and SC-PPM 

 

III. Energy optimization 

1. Illuminance and optical power produced by LED   
As for SC-4PPM scheme, the amplitude of optical signal is (c-a), the amplitude of DC part is b. 

In the indoor VLC system, as shown in Fig.4,the light source of the transmitter is white LED, The 
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luminous flux produced by LED lamp can be represented by[7]: 

max
( ) * * 3 (3)
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By changing the value of a, b, c. the brightness index can be controlled from 0% to 100%,Φmax 

is the maximum luminous flux produced by LED lamp, it is obtained under the condition of 
a=b=c=cmax..When a source with Lambert radiation characteristic is assumed and the received 
illuminance at workplace j from LED i is modeled as[8]: 
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θis the irradiance angle of light source,ψis the incidence angle of PD, r represents the distance 

between LED and PD. m is the Lambert index. 
The total illuminance at workplace j from different LED lamps can be represented by:  
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In SC-PPM, the transmitted signal depends on the position of the sub-carrier, therefore, the 
transmitted optical power only considers the sub-carrier part and signal strength can be computed 
as. 
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               P୧
୲ is the optical power transmitted by the i୲୦ LED and P୫ୟ୶୲  is the maximum optical power. 

The received power at PD can be defined as: 
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H(0) is the channel DC gain and Pr is the total received optical power at workplace j. When we 
assume Lambertian radiation transmitter, H(0) is given by: 
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The bit rate Rb under the wireless optical link is related to the electrical SNR[9]: 
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R is the photodiode responsivity, N0 is the power spectrum density of additive white Gaussian 

noise(AWGN).According to (2)(10),the BER of SC-PPM can be represented by: 
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2.Optimization formulation 
Therefore, to achieve a required value of luminance flux, we try to minimize the total power 

consumption produced by LED lamps. As the luminance flux produced by LED lamps is 
proportional to the transmitted power, namely, the objective is to minimize the total luminance flux 
of LED lamps. 
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Pminr is the minimum received power according to the equation (11) when BER and Rb is given 
in a VLC system. Equation (13) (14) gives the constraints for required luminance level and 
communication performance. 

Assuming that the simulation environment is in a indoor room. There are four LED lamps on the 
ceiling, the received workplace j located at the center place of the floor. the simulation parameters 
are the follows. 
                           Table 1  Simulation  Parameters 
Name                               Symbol                   Value 
Bit rate                                Rb                     106bps 
Single LED power                       Pmax                    20mW 
semi-angle at half power                  ψ1/2                    60deg 
Center luminous intensity                  I                      730cd 
Detected area                           Ar                      1cm2 
AWGN                                N0                     10-21 
Photodiode responsivity                   R                       0.5  
Incidence angle                          θ                     120deg 
Required luminance                      Φreq                   400lux 

 
Fig. 3.Total illuminance flux produced by LEDs under           Fig. 4  system model for. 
the illuniance level at 400 to 1000lux of PPM and SC-PPM         indoor communication 
The simulation demonstrate the minimum total transmitted optical power produced by all LED 

lamps for different required illuminance level. The proposed scheme SC-PPM compared with the 
traditional PPM (the amplitude of waveform is a=c=1,b=0).fig 2 shows the energy saving using the 
proposed scheme under the condition of required illuminance level 400lux-1000lux.in a high 
density VLC system, the proposed scheme SC-PPM reduces the total optical power produced by 
LED lamps and achieves the improvement in illuminance energy saving. it is an energy-efficient  
modulation scheme compared with other schemes for satisfying the requirements for both 
illuminance and communication.  

IV Conclusion 

This paper proposed an appropriate and reliable modulation scheme. An optimization problem is 
formulated to reduce the total illumination energy produced by LED lamps while satisfying the 
desired brightness and communication quality. Simulation result demonstrated that SC-PPM can 
save energy consuming in the high density VLC system . 
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