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ABSTRACT 
 

There are many modulation techniques which are used for optical wireless communication. For getting high 

average-power-efficiency, OOK and PPM are implemented extensively in optical wireless communication. In 

optical wireless communication, DPPM, DPIM and DH-PIM are three new modulation techniques which may 

become the replacement of PPM because of their better results in bandwidth efficiency and power efficiency. In this 

paper, the bandwidth efficiency, transmission capacity, power efficiency and slot error rate of the typical 

modulation techniques such as OOK, PPM, DPPM, DPIM and DH-PIM are analyzed in combination of the features 

of the atmospheric optical wireless channel. Theoretical analysis and simulation results by matlab shows that 

DPPM, DPIM and DH-PIM are more applicable for the future optical wireless communication. When bit 

resolutions  increases in OOK, PPM, DPPM, DPIM and DH-PIM modulation techniques, corresponding symbol 

length also increases. Hence the average optical power requirement decreases but the bandwidth requirement  

increases. 

Keywords: DH-PIM, DPIM, OOK , Optical Wireless Communication, PPM, Slot Error Rate. 

I. INTRODUCTION 

   
Extension of network bandwidth resources and improvement of communication streams are the two important issues 

with the ever-increase of information communication. Currently, microwave and fiber are the main means of 

transmission of communication. In comparison with wire communication, microwave communication saves a lot of 

non-ferrous metals and complex topography can be crossed by using microwave. As a new communication 

technology, optical wireless communications have the advantages of optical fiber communication and mobile 

communications, with wide bandwidth and without the need for application of frequency. Therefore, in recent years, 

the research on wireless optical communication is getting more noticed. But the wireless optical communication 

leads to signal attenuation as it is influenced by atmospheric absorption, scattering and turbulence in the atmosphere.  

The average transmission power is limited owing to the requirements for safety of human eye [1],[2].Thus higher 

necessity of modulation is proposed.   
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II. CLASSIFICATION OF WIRELESS OPTICAL MODULATION 

2.1 On-Off Keying Modulation 

The On-Off Keying Modulation is based on intensity modulation with direct detection [3]. When sending 

information “1”, the light pulses are sent; when sending information “0”, the laser is shut down completely. In this 

way the optical pulses are generated by opening and breaking of lasers [4]. 

2.2 Single-Pulse Position Modulation (L-PPM) 

Single-pulse position modulation at a particular time slot in time segment converts a binary M-bit data group to a  

single pulse signal. Time segments are composed by L=2
M

 time slots and each time slot is called chip. Where L    

symbol length and M represent the bit resolution. 

2.3 Differential Pulse Position Modulation (DPPM)  

Differential Pulse Position Modulation improves the power and bandwidth efficiency as well as throughput also. In 

DPPM, modulation techniques removing all empty slots and follow a pulse in a PPM symbol [5,6]. Average number 

of slots per symbol in DPPM 






 


2

1L
L

DPPM
is approximately half of the PPM, which improves the bandwidth 

efficiency and possibility of the data throughput [5].Where L symbol length and L  average number of slots per 

symbol. For the given channel and for any symbol length L, DPPM slightly requires higher power but a much lower 

bandwidth requirement as compare to PPM. Performance of DPPM, using a combination of Marker and Solomon 

coding, is used to correct insertion and deletion errors as shown in [7]. 

 

2.4 Digital Pulse Interval Modulation (DPIM)  
 

The symbol length of DPIM can be divided into unprotected slots and protected slots as in DPPM. The symbol 

length is not fixed. For decreasing the impact of Inter-Symbol Interference (ISI) effectively, one protected slot is 

mostly adopted by protected DPIM modulation. The modulation symbols 
k

S  (k is the decimal number expressed by 

the symbol) contain k+2 time slots; After each starting time slot L, the pulse adds a protected empty slot and k 

empty slots for expressing information. When demodulation in the receiver, after determining the pulse time slot, is 

received, it only needs to count the empty time slot and subtract one of them. Implementation of the system is 

efficiently simplified since DPIM only needs clock synchronization without symbol synchronization. 

2.5 Double Header-Pulse Interval Modulation (DH-PIM) 

DH-PIM is more complex as the symbol adopts two kinds of starting pulse. The time slot included by each symbol 

is also mutative. The symbol S
k

 is 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 
1

H and
2

H , the H1 initial pulse width is 
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α/2 time slot, followed by (α /2) +1 protected time slots; 
2

H pulse width is a time slots, followed by one time slot. 

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

S  is, otherwise it is
2

H .Where M I is the bit resolution.  

III. COMPARISONS OF DIFFERENT MODULATION SCHEMES 

Different modulation schemes are differentiated, with respect to power efficiency and bandwidth requirements. 

(Power requirement is defined as the average optical power required by an ideal system in the presence of AWGN 

channel to achieve error probability and a certain bit rate.) 

3.1 Requirements of optical power and efficiency of different modulation schemes: 

3.1.1Average power required for OOK system 

The average power required for OOK system is 
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3.1.2Average power required for PPM system  

 

 Average power required for PPM system is 
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Hence the power efficiency of PPM is 
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3.1.3Average power required for soft decision decoding PPM system:  

Average power required for soft decision decoding PPM system is 

)4....(....................
log

2
              

2
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PPMP



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3.1.4Average  optical power and power efficiency requirements for DPIM system: 

Average  optical power and power efficiency  requirements for DPIM system is 
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3.1.5 Average  optical power and power efficiency requirements for DH-PIM system: 

Average  optical power and power efficiency   requirements for DPIM system is 
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3.1.6 Requirements of bandwidth for different  modulation schemes: 

Bandwidth requirement of the baseband modulation schemes is defined by the minimum slot duration
min

 given by 

the following relation. 
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min
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The bandwidth requirements for OOK, PPM, DPIM and DH-PIM are given as: 
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IV-EXPERIMENTAL RESULTS 

 Simulated results  clearly shows  that when bit resolution  increases, so corresponding symbol length  also increases 

and  the average optical power requirement decreases but the bandwidth requirements increases. 

 

Performance of optical power and bandwidth requirements at bit resolution M=1:3 

breq_OOK
RB                          
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Performance of optical power and bandwidth requirements at bit resolution M=1:4 

 

 

Performance of optical power and bandwidth requirements at bit resolution M=1:5 
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V CONCLUSION 

 

In this paper, we have compared the bandwidth requirement and the power requirement  of different popular 

modulation techniques in optical wireless communication systems; OOK ,PPM, DPIM and DH-PIM in order to give 

a wide view about the  modulation techniques that are suitable for optical wireless communication systems.  

 

PPM is the most efficient technique in terms of power performance. But as both slot and symbol synchronizations 

are required at the receiver in PPM so it has a poor clock recovery and resynchronization characteristics. However, 

this would increase the power requirement by a factor of two. In DPIM,   receiver structure is much simplified 

because each symbol is initiated with a pulse. Therefore, DPIM does not require symbol synchronization.   

Furthermore, DPIM removes all the unused time slots from within each symbol, thus giving a higher transmission 

capacity.  It is concluded that the main advantages of  DPIM, DH-PIM modulation techniques is the symbol 

synchronization ability and these are the most efficient techniques in terms of optical power  and band width 

requirements. For OOK-RZ the power requirements decreases with duty cycle but the bandwidth increases 

accordingly. For PPM,DPIM and DH-PIM average optical power requirement decreases when the value of bit 

resolution M is increases because corresponding value of L increases; however the bandwidth requirements 

increases with M or the value of L increases. 
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