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Abstract 

Free Space optical wireless communication offered ultra high capacity using optical pencil 

beam to per individual device. By using this we are tuning the beam wavelength as 2D steering 

takes place, crossed grating pair also plays vital role in this process. This system is a part of 

indoor communication and so designed that angular steering of 2D beams takes place over an 

area approximately 2.5 meters and was achieved by wavelength tuning at a wavelength of 

1550nm. System experiment by using Karhunen-Loeve method for DPSK without saddle point 

have shown the BER is 10−5 shows the optical communication at a wavelength of 850nm i.e. 

near infrared region. 

Keywords: Indoor Optical communication, diffractive optical beam steering, diffraction grating, 

Pencil Radiating antenna (PRA), Angular magnification. 
 

1. Introduction: 

It has been noted in the last few years, mutual growth takes place in indoor and outdoor 

application of wireless communication which is making our communication less costly. As we 

can see in wired networks or say wired communication cost goes high because of maintenance 

and reconfiguration of wired networks but in case of wireless communication it is economical 

and flexible alternative to wired networks. In optical communication system, we reply on the 

optical beam to send our message to receiver in free space or wirelessly by using certain range of 

wavelength in infrared to ultraviolet including visible light spectrum. A European Union funded 

project known as OMEGA has developed Gigabit home access network, as infrared optical 

wireless provides high speed indoor communication. Due to the limited coverage area and 

spreading of light which implies that limited data rate in VLC (Visible light Communication), 

multiple directive beams are used, each individually pinpointing at a device and providing high 

capacity optical path to it. Each PRA provides capacity around 10Gbps per beam as it emits a 

multiple optical pencil beams. For connecting each PRA point-to-point link is used to the Central 

Communication Control (CCC), in which tunable laser source is present, which emits a 

wavelength that is tunable. By using of an optical cross connect (OXC) and fiber optical 

network, routes the optical signal and this optical signal is confined into the pencil beam. A PRA 

that is a passive 2D diffractive module is coupled so that light source of tunable wavelength via 

optical fiber network. CCC, Central Communication Controller is an autonomic network 
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management and controller, which locates and trace the mobile devices (MD), performs a 

controlling operation on the OXC and the wavelength accordingly. CCC includes a signal-

transparent optical cross-connect. The invention further includes a fiber optic network, where the 

wavelength-tunable light source is coupled to the fiber optic network, a pencil-radiating antenna 

(PRA), where the PRA comprises a passive 2-dimensional diffractive module, where the PRA is 

coupled to the fiber optic network, where the PRA coupled so that light source of tunable 

wavelength via optical fiber network, where the signal-transparent optical cross-connect routes 

the optical data signal to the PRA, where the optical data signal is transmitted through a confined 

optical pencil beam, where the PRA deflects the confined optical pencil beam in 2 angular 

dimensions as a function of a wavelength of the confined optical pencil beam, where the 

deflected optical pencil beam is disposed for communication with an opto-electronic 

communication device, and a radio return channel, where the radio return channel carries a data 

signal from the opto-electronic communication device to the CCC and in case the optical signal 

is not established carries a lack-of-connection communication between the opto-electronic 

communication device and the CCC. The RF spectrum has a band in the range of 60GHz, which 

has to be picking up the radio signal by a PRA. Basically at PRA our information is carried out 

on optical fiber network by using technique called Radio over Fiber. Inside this PRA, we placed 

passive diffracting gratings which steers a beam in 2D by varying its wavelength. We can see it 

in Fig. 2, different elements having different diffractive power as in two, one having low and 

second having high. 

 

CCC is an interference-free communication system. CCC includes a signal-transparent optical 

cross-connect and fiber optic network, a pencil-radiating antenna (PRA) that is a passive 2-

dimensional diffractive module is coupled so that light source of tunable wavelength via optical 

fiber network, the cross-connect routes the optical data signal to the PRA, the optical data signal 

is transmitted through a confined optical pencil beam, the PRA deflects the pencil beam in 2 

angular dimensions as a function of a wavelength of the pencil beam, the deflected pencil beam 

is disposed for communication with an opto-electronic communication device, and a radio return 

channel that provides upstream communication from the communication device to the CCC 

includes a lack-of-connection communication between the communication device and the CCC. 

 

2. Optical beam steered indoor communication: 

As shown in fig.1, in a building optical communication steered communication system is 

installed so that each room contains PRA. Each PRA has a capacity of close to 10Gbps per beam 

and is operating the same in multiple beams. All the PRAs are connected with CCC by point to 

point fiber link. By laser diodes we can tune the beam wavelength and by Optical Cross Connect 

(OXC) we can manage the traffic as per demand with PRAs installed in different rooms. To 

provide automation to our network we are having intelligent tracking system to track the user 

location or Mobile Devices (MD) and OXC to set the required wavelength of the beam.  
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Fig. 1: Free space indoor optical communication by pencil beam 

 

In this system we are using Machine Learning Technique to gather information related to user, 

user characteristics and also the beam steering process. MD to CCC is the upstream path where 

links are in the band of 57GHz to 64GHz are expected to be picked by the PRA and carried the 

signal over our fiber network. In the PRA, pair of diffraction grating provides steering to beam in 

2D by varying its wavelength. Pair of diffraction grating or module contains two cross connect 

diffractive elements of low and high diffractive powers for beam wavelength variation. This will 

actually help us to steer the beam accordingly to the requirement.  

 

Fig. 2: Beam steering by a pair of crossed grating 

 

 

Fig. 3: Block diagram of components 
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In this system, wavelength of beam is the control to channel of 2D steering of beams which is 

embedded in this system and by this we are avoiding separate control channel. Also by this we 

are relaxing network management in this system. All the tunable networks are guided jointly by 

CCC which is connected to each PRA by using OXC. To enhance the capacity of the device we 

are placing multiple laser diodes in CCC which is mapped in accordance with the demand to the 

PRA, requires service or in need of service delivery. As we know fiber is the backbone of this 

system that’s why we are using single mode and multimode fiber as silica or plastic fiber. As 

compared to single mode, multimode can carry higher light powers and the main reason as it is 

best to support pencil beams to radiate in free space from the PRAs. To provide right direction to 

right signal towards marked PRA cross-connect of each wavelength plays an important role. 

In DPSK, binary information is feuded between two elements and for this additional carrier is 

not required to synchronize. Now this information is encoded with the help of PSK modulation 

and generating the DPSK signal in which one previous bit is used to define the shift in phase for 

the next arrival bit. 

  

3. Result and Discussion: 
The Karhunen–Loeve theorem is explaining linear combination between orthogonal functions, fourier 

functions in bounded intervals. This theorem actually transforms and also termed as Hoteling Transform 
and Eigen vector transform. The technique used in this theorem is relevant with PCA known as Principal 

Component Analysis which is commonly used in Image Processing, Data Analysis etc. It is used for 

performance evaluation. The following modulation techniques are used for evaluating BER by using the 

K-L method. 
 

3.1 DPSK: DPSK is a fast and stable modulation format for optical communication. Ask signal 

was found to be very sensitive to the dispersion in the fiber which limits the error free 

transmission to only few km, longer transmission is possible for DPSK. The DPSK method 

avoids the necessity of the synchronizing circuits at the receiver. 

 

   𝐸𝑏𝑁𝑜 = 10
𝑆𝑁𝑅

10 ×
𝐶

0.1𝑆𝑏𝜆2 (1) 

 

Where, SNR range is the 2-13, C is the velocity of light that is 3*108, 𝑆𝑏 is the symbol rate, λ is 

the optical wavelength which is 1550nm & eq (1) is also written in db in eq (2). 

 

𝐸𝑏  𝑁𝑜(dB)  = 10*log10( 𝐸𝑏𝑁𝑜) (2) 

 

The curve between the BER and the  𝐸𝑏𝑁𝑜 is shown in Fig. 4. 
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Fig. 4:  Curve between the BER and   𝑬𝒃𝑵𝒐 

 

 

Fig. 5: Phase and Power versus symbols 
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4. Conclusion and Future Work: 

To obtain ultra high capacity wireless communication in free space we used 2D steered pencil 

beam in which we do variation as per terminal or user requirement. This system contains pair of 

diffraction module having passive elements by means of this we steered beams in free space. It is 

possible to tune the beam wavelength in infrared range around 1500nm. In this system we also 

discussed different types of grating modules orders to enhance our capacity. By using angular 

magnification lens system we achieve practical FOV which introduce some propagating factors 

for broadening of beams. Secondly for improving efficiency, reduced the diffraction order by 

which Angular dispersion is reduced. Fig. 6 shows the basic block diagram of Angular 

magnification used in system network in this way. 

 

 

Fig.6: Block Diagram of simple methodology structure 
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