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Abstract:Optical wireless communication systems 

employ IM/DD . This is basically modulating the 

intensity of the signal in order to transmit information. 

This paper concentrates on baseband pulse time 

modulation techniques that are used to modulate data for 

optical wireless communication. Initially, Visible Light 

Communications used OOK (On-Off Keying) and 

PPM(Pulse position Modulation) but in recent times 

there has been an increase in the number of modulation 

techniques that are bandwidth and power efficient, like 

Digital Pulse Interval Modulation  (DPIM) and Dual-

header Pulse Interval Modulation  (DH-PIM).  In this 

paper OOK, PPM, DPIM and DH-PIM are compared in 

terms of spectral efficiency, optical power requirements, 

bandwidth requirements, transmission capacity, packet 

transmission rates and peak-average-power-ratio 

(PAPR).  

Keywords: optical wireless communications, OOK, 

DPIM, PPM, DH-PIM. 

 

I. INTRODUCTION 

Due to congestion in the RF spectrum there is a 

looming spectrum crisis. Hence extensive research 

is being done in the field of optical wireless 

communication due to the seemingly unending 

visible light bandwidth varying from 430THz to 

750 THz. VLC in essence has a dual purpose of 

illumination and communication. In addition the 

end devices are cheap and ubiquitous namely, LED 

and photodetectors. The modulation schemes used 

for Visible Light Communication are limited, for 

the reason that for IM/DD the modulated signal is to 

be unipolar and real. Therefore On-Off Keying ( 

OOK) and Pulse position modulation (PPM) are 

already in wide use. Recent developments in this 

field have given rise to other modulation techniques 

like Digital Pulse Interval Modulation (DPIM) and 

Dual-header Pulse Interval Modulation (DH-PIM).  

In this paper these baseband pulse time modulation 

techniques are compared. The second section briefs 

these modulation techniques. The third section 

specifies the criterions that are to be satisfied 

specific to optical wireless channels. The fourth 

section analyses in terms of Power Spectral Density 

( PSD).  The fifth section analyses the techniques in 

terms of power requirements and bandwidth 

requirements. The sixth section analyses the 

techniques in terms of transmission capacity. The 

seventh section refers to the PAPR of the 

techniques. The eighth section analyses the 

transmission rates of the techniques. The ninth 

section is the conclusion. 

 

II. MODULATION TECHNIQUES FOR 

OPTICAL WIRELESS COMMUNICATION 

1. On Off Keying (OOK) 

On off keying is the most commonly used 

modulation technique in IM/DD in optical wireless 

communication. This is because of the simplicity of 

the on off keying technique. A bit one is simply 

represented by an optical pulse that occupies the 

entire or part of the bit duration while a bit zero is 

represented by the absence of an optical pulse.There 

are two schemes which are being used under this 

technique NRZ and RZ.In the NRZ scheme, a pulse 

with duration equal to the bit duration is transmitted 

to represent. 

2. Pulse Position Modulation 

1 while in the RZ scheme the pulse occupies only 

the partial duration of bit. 

PPM is an orthogonal modulation technique . An L-

PPM symbol consists of a pulse of constant power 

occupying one slot duration within L possible time 

slots with the remaining slots being empty 

Information is encoded within the position of the 
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pulse.A M-bit symbol will have an option of L slots 

available for transmission. L is given by, L= 2
M  

3. Differential Pulse Interval Modulation 

DPIM is an anisochronous modulation technique, in 

which each block of M input data bits is mapped to 

one of L possible symbols of different length. „L‟ is 

varying. A symbol is composed of a pulse of one 

slot duration followed by a series of empty slots, the 

number of which is dependent on the decimal value 

of the M-bit data stream being encoded. The symbol 

length of the DPIM is unfixed. Also because the 

symbol length is varying detection at the receiver is 

done through clock synchronization at the receiver 

and not symbol synchronization. This simplifies the 

system and is an advantage over PPM. 

4. Double Header Pulse Interval 

Modulation 

DH-PIM modulation is more complex, the time slot 

included by each symbol is also mutative, but the 

symbol adopts two kinds of starting pulse. The 

symbol sk formed by a head slot and m empty time 

slots followed .The head time slot is included by 

α+1 time slots (α is integer). Considering two forms 

of head H1 and H2, theH1 initial pulse width is α/2 

time slot, followed by (α / 2) +1 protected time 

slots; H2 pulse width is a time slots, followed by 

one time slot. When k<2M-1, the head time slot of 

symbol SK is H1, otherwise it is H2.  

 

III. CRITERION FOR OPTICAL WIRELESS 

CHANNELS 

1. Power Efficiency:   

The following are the reasons the power in optical 

wireless communication is limited. Eye and skin 

safety regulations limit the average power being 

transmitted or received in optical wireless 

communication. It is normally desirable to achieve 

high efficiency with low power usage. Especially in 

cases of portable battery powered equipment, it is 

required that the power consumption is limited. 

Therefore power efficiency is of utmost importance. 

Therefore the modulation techniques are compared 

in terms of average optical power required for aa 

certain target bit error rate (BER) performance or 

signal to noise ratio(SNR).  In other words, average 

power required to achieve given BER at a given 

data rate. Power efficiency is given as the energy 

per pulse per average energy per bit.

 

 

 

 

2. Bandwidth Efficiency: 
The optical bandwidth is practically limitless, 

however the constituents in the optical wireless 

system may impose limitations on the bandwidth. 

Few factors are described as follows. The received 

SNR is proportional to the photodetector surface 

area. Therefore photodetectors with larger surface 

area are chosen, however their high capacitance due 

to the large surface area limits the bandwidth. Non-

directed line of sight or diffuse links  the channel 

bandwidth is limited by multipath propagation. 

Therefore modulation schemes which require high 

bandwidth are more susceptible to Intersymbol  

Figure 1 : Power Spectral Density 
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Interference and as result incurring more power 

penalty. 

3. Transmission Reliability: 
A modulation technique suitable for optical wireless 

communication should have the following. 

Performance of the technique should be consistent 

and provide a certain acceptable bit error rate even 

in adverse conditions. It should be resistant to 

multipath induced ISI. Resistant to variations in the 

data signal DC component. Should not have a long 

absence of „0‟-to-„1‟ transition. As this helps in the 

clock recovery and clock recovery by other methods 

might not be feasible to various reasons. It should 

not have consecutive high pulse, as it would be 

distorted by the High pass filter in the receiver. It 

should be resistant to phase jitter, pulse extensions 

and pulse distortion due to signal clipping. The 

most important aspect of the modulation technique 

is that it should be easy to implement and cost-

efficient. The technique shouldn‟t have most of its 

power located at DC or lower frequencies thereby 

reducing the effect of baseline wander. 

 

IV. PERFORMANCE ANALYSIS AND 

COMPARISON OF POWER SPECTRAL 

DENSITY 

Power Spectral Density (PSD) is a measure of a 

signal's power intensity in the frequency 

domain.For comparison the PSDs of the 

OOK,PPM,DPIM and DH-PIM are shown in the 

figure 1. 

PSD of PPM diminishes to zero at DC, therefore it 

is more resistant to baseline wander over DC 

schemes. DPIM has a DC content, although the 

power content at low frequencies is relatively small 

compared with OOK. 

 

Hence, DPIM will be more susceptible to the effects 

of baseline wander compared with PPM.  The areas 

under the curves show, the increase in detected 

electrical power 

asL increases, for a given average optical power. 

 

V. POWER EFFICIENCY AND 

BANDWIDTH REQUIREMENT ANALYSIS 

Power efficiency and bandwidth efficiency are of 

prime importance when comparing modulation 

techniques as discussed above. The average power 

requirement for OOK is given by: 

 

𝑃𝑎𝑣𝑔𝑂𝑂𝐾 =  
𝑁0𝑅𝑏
2𝑅2

𝑄−1(𝑃𝑒𝑏𝑖𝑡𝑂𝑂𝐾 ) 

This is taken as the standard to compare the power 

efficiencies of other modulation techniques. The 

power for PPM is given by: 

𝑃𝑎𝑣𝑔𝑃𝑃𝑀 =  
2𝑁0𝑅𝑏

𝑅2𝐿 log2 𝐿
𝑄−1(𝑃𝑒𝑏𝑖𝑡𝑃𝑃𝑀 ) 

  Therefore the power efficiency of PPM is given by 

the following : 

𝜇𝑝𝑝𝑚 =  
4

𝐿 log2 𝐿
 

Similarly DPIM‟s average power requirement is 

given by : 

𝑃𝑎𝑣𝑔𝐷𝑃𝐼𝑀 =  
2𝑁0𝑅𝑏

𝑅2𝐿𝐷𝑃𝐼𝑀 log2 𝐿
𝑄−1(𝑃𝑒𝑏𝑖𝑡𝐷𝑃𝐼𝑀 ) 

And the power efficiency for DPIM is given by:

 

                           
 

Figure 2 : Optical Power Requirements and Bandwidth Requirement 



  
 
 
 

216 NooguriKavya, 
 
Duggirala Aishwarya, Sunayana Baruah, 

 
Mrudula Mahadasyam,

 
Mrs. C.T. Manimegalai 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 3, Issue 4 

April 2016       

 

𝜇𝐷𝑃𝐼𝑀 =  
8

(𝐿+1)log2 𝐿
 

And for DHPIM is the average power requirement 

and the power efficiency is given by: 

𝑃𝑎𝑣𝑔𝐷𝐻 −𝑃𝐼𝑀 =  
2𝑁0𝑅𝑏

16𝑅2𝐿𝐷𝐻−𝑃𝐼𝑀𝑀
𝑄−1(𝑃𝑠𝑒𝐷𝐻−𝑃𝐼𝑀) 

𝜇𝐷𝐻−𝑃𝐼𝑀 =  
9𝛼2

2𝑀(2𝑀−1 + 2𝛼 + 1)
 

Transmission Bandwidth is defined as minimum bit 

slot ( 𝑇𝑚𝑖𝑛 ) . 

𝐵𝑟𝑒𝑞 =  
1

𝑇𝑚𝑖𝑛
 

Following are the respective time slots and 

bandwidth requirement of the modulation 

techniques are given. 

PPM slot duration and bandwidth respectively 

𝑇𝑠𝑃𝑃𝑀 =  
𝑇𝑏𝑀

𝐿
 

 

𝐵𝑟𝑒𝑞𝑃𝑃𝑀 =  
𝐿

𝑀
𝑅𝑏  

DPIM: 

𝑇𝑠𝐷𝑃𝐼𝑀 =  
𝑇𝑏𝑀

𝐿𝐷𝑃𝐼𝑀
 

𝐵𝑟𝑒𝑞𝐷𝑃𝐼𝑀 =  
𝐿 + 1

2𝑀
𝑅𝑏  

DH-PIM: 

𝑇𝑠𝐷𝐻−𝑃𝐼𝑀 =  
2𝑀

(2𝑀−1 + 2𝛼 + 1)𝑅𝑏
 

𝐵𝑟𝑒𝑞𝐷𝐻 −𝑃𝐼𝑀 =  
(2𝑀−1 + 2𝛼 + 1)

𝛼𝑀
𝑅𝑏  

 

Tradeoff between average power requirements 

and bandwidth requirements. 

Figure 2 displays the average power requirement 

and bandwidth requirements of OOK, PPM, DPIM 

and DH-PIM.  For OOK the power requirements 

decrease with the duty cycle but the bandwidth 

requirement increase considerably. The bit 

resolution (number of bits) is taken as ranging from 

1 to 5 for the modulation techniques PPM, DPIM, 

DH-PIM. Therefore the length, L, varies from 2 to 

32 (2, 4, 8, 16, 32) since L=2
M

. For PPM, DPIM 

and DH-PIM, average optical power requirement 

decreases steadily as L increases; however, the 

bandwidth requirements increase with L. 

 Each marker on each curve in the graph stands for 

each value of „L‟. Consider the performance for 

L=2 for PPM, DPIM, DH-PIM. The OOK-NRZ 

outperforms the others at this point. It would be safe 

to say that the points and curves falling on the left 

hand side of the bottom most part of the graph are 

ideal. However, a lot of other important factors 

determine the efficacy of a modulation technique.  

 

VI. ANALYSIS OF TRANSMISSION 

CAPACITY OF THE MODULATION 

TECHNIQUES 

Transmission capacity refers to the ability of a 

modulation technique to carry the “volume” of data 

and how much it can carry. The transmission 

capacity is defined as: 

𝐶𝑇𝑐 =
𝐿𝑚𝑎𝑥  

𝐿 
𝑅𝑏 log2 2𝑀  

 

 
Figure 3 : Transmission Capacity Versus 'M' 
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𝐿𝑚𝑎𝑥  is the maximum number of slots in a 

symbol.𝐿 is the valid number of code combinations  

hence giving the probable number of slots in which 

the symbol can be carried. 

PPM‟s fixed slot length is given by L and is given 

by : 

𝐶𝑇𝑐𝑃𝑃𝑀 = 𝑀𝑅𝑏  

For DPIM, 

 

𝐿𝑚𝑎𝑥 =  2𝑀  

 

𝐿 =  0.5(2𝑀 + 1) 

 

𝐶𝑇𝑐𝐷𝑃𝐼𝑀 =
𝑀2𝑀+1

2𝑀 + 1
𝑅𝑏  

 

For DH-PIM, 

𝐿𝑚𝑎𝑥 =  2𝑀−1 

𝐿 =  0.5(2𝑀−1 + 1 + 2𝛼) 

 

𝐶𝑇𝑐𝐷𝑃𝐼𝑀 =
𝑀2𝑀+1

2𝑀 + 1
𝑅𝑏  

The fig. 3 shows the plot of the transmission 

capacities versus the bit resolution. The fig. 4 shows 

the same plot but with the transmission capacities 

normalized to the transmission capacity of PPM. 

DPIM offers higher capacity at lower values of M 

than DH-PIM but the difference between them is 

negligible at high orders. The transmission 

capacities of DPIM and DH-PIM are about four 

times as that of PPM for a particular value of M. 

 

VII. PERFORMANCE ANALYSIS AND 

COMPARISON OF PEAK AVERAGE POWER 

RATIO 

A very high PAPR requires a receiver with a very 

large dynamic range. In order to avoid this a low 

PAPR(hence lesser dynamic range of receiver) is 

preferable so that the receiver could be operated in 

its linear range. And hence to avoid this 

nonlinearity problem in opto-electronic devices, the 

PAPR should be as low.Eye-safety limitations are 

also to be complied, for which the modulation with 

higher PAPR is preferable. Hence, care should be 

taken in selecting the best PAPR ratio  

PAPR for PPM is given by, 

 

𝑃𝐴𝑃𝑅𝑃𝑃𝑀 =  2𝑀 
 

PAPR for DPIM is given by, 

𝑃𝐴𝑃𝑅𝐷𝑃𝐼𝑀 =  
(2𝑀 + 1)

2
 

 

PAPR for DH-PIM is given by, 

 

 

𝑃𝐴𝑃𝑅𝐷𝐻−𝑃𝐼𝑀 =  
2(2𝑀−1 + 1 + 2𝛼)

3𝛼
 

Figure 4 : Normalized transmission capacity versus 'M' 
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Figure 5 demonstrates the PAPR of PPM, DPIM 

and DH-PIM versus M .The PAPR increases with 

the value of „M‟ for all modulation techniques. 

 

VIII. PERFORMANCE ANALYSIS OF 

PACKET TRANSMISSION RATES  

A study based on packet transmission rate is more 

 convenient as the symbol length varies in most of  

the modulation techniques. The size of packet is 

assumed to be constant of Npkt bits. The average slot 

length is given by : 

 

 

 

 

𝐿𝑝𝑘𝑡  =  
𝐿 𝑁𝑝𝑘𝑡
𝑀

 

𝐿 is the valid code combinations. 

Therefore the packet transmission rate  

Rpkt is given by : 

𝑅𝑝𝑘𝑡  =  
𝑅𝑠𝑀

𝐿 𝑁𝑝𝑘𝑡
 

𝑅𝑠is the slot rate and 𝑇𝑠 the slot duration. 

For PPM, 

𝑅𝑝𝑘𝑡𝑃𝑃𝑀  =  
𝑀𝐵𝑟𝑒𝑞
𝑁𝑝𝑘𝑡 2𝑀

 

Where, 

𝐵𝑟𝑒𝑞 =  
1

𝑇𝑠
=  𝑅𝑠 

For DPIM, 

𝑅𝑝𝑘𝑡𝐷𝑃𝐼𝑀  =  
2𝑀𝐵𝑟𝑒𝑞

𝑁𝑝𝑘𝑡 (2𝑀 + 1)
 

For DH-PIM, 

𝑅𝑝𝑘𝑡𝐷𝐻 −𝑃𝐼𝑀  =  
𝛼𝑀𝐵𝑟𝑒𝑞

𝑁𝑝𝑘𝑡 (2𝑀−1 + 1 + 2𝛼)
 

The figure 7 shows that the packet transmission rate  

is the same for DPIM and DH-PIM is the same for 

M >6.However for  M=2 , the transmission rate of 

PPM is half of DPIM. The same can be inferred 

from figure 6  where the transmission rates are 

normalized with respect to PPM for convenience. 

Figure 6 : Normalized Packet Transmission Rate versus 'M' 

Figure5 : PAPR vs 'M' 
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IX. CONCLUSION 

Therefore the 4 modulation techniques were 

compared for their efficiency.  

OOK the power requirement steadily decreases with 

decrease in duty cycle but the bandwidth 

requirement increases too. L is the number of time 

slots available to transmit data M bits at a time( or 

M bits per symbol). For lower values of L in PPM, 

DPIM and DH-PIM, they are not efficiency in terms 

of power and bandwidth usage. Therefore it could 

be concluded that for transmission of data with low 

L, OOK can be used. But as the L gets higher PPM, 

DPIM and DH-PIM are be deemed as better 

techniques. Amongst these DPIM is seen to be the 

better option in terms of power and bandwidth 

requirements. In terms of transmission capacity, 

DPIM has a higher transmission capacity for the 

lower values of L but is the same as DH-PIM for 

higher M. Also the transmission capacity of DPIM 

is four times that of PPM. In terms of packet 

transmission rate DPIM is highest for the lower 

values of M and twice that of PPM. Eventually for 

higher value of M the transmission rate for DPIM 

and DH-PIM are the same. Even as explained above 

PAPR determines the required dynamic range of the 

receiver, and the operation range of the transmitting 

device like the LED. PPM has the highest PAPR 

values for a particular bit resolution. Whereas 

DPIM has the mid-range PAPR value amongst the 

modulation techniques given. 
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Figure 7 : Packet Transmission Rate versus 'M' 


