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Abstract
In this paper, we apply the perfect difference codes in wireless infrared systems considering the diffuse indoor optical wireless configuration. The bit error rate performance of the uplink wireless infrared system using Gaussian approximations is analyzed taking into account the effects of multiple-access interference, the
ambient light noise, and the dark current. The proposed system also uses the compact encoder and decoder
architecture resulting in a low cost system.
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1. Introduction
The past few decades have seen the increased interest of
the researchers in the utilization of infrared (IR) frequencies for short range wireless communications [1-5]. Wireless radio technologies have been designed and implemented comparatively over a much longer time than wireless infrared systems, however, the low complexity and
low cost of infrared systems make relatively new IR systems very attractive and cost effective solution at a bit
rates up to several tens of Mbps. Many potential applications for this technology, such as Wireless LANs, have
already been suggested. Optical wireless networks are
suitable for “campus” networking, metropolitan communication infrastructure, rapid deployment in emergency
situations, disaster recovery, and in military contexts.
The diffuse indoor optical wireless configuration (i.e.
non-directed, non-line of sight) is one of the most convenient and robust solution for local area networks (LAN).
In the diffuse configuration, the transmitters and the receivers of infrared systems do not require to be carefully
aligned, nor do they need to be in a line-of-sight (LOS)
path so that communication can be maintained. The other
major advantages of diffuse systems are their flexibility
and the roaming they allow in a room. This flexibility
makes them the ideal choice for ad hoc networks and
gives the end users freedom to roam freely insider the
office or room. Therefore, in this paper, we consider a
diffuse configuration. However, this freedom of roaming
results in the problems associated with high path loss and
inter-symbol interference (ISI) due to multipath disperCopyright © 2010 SciRes.

sion. In a code-division based WIR systems, the effects
of ISI can be compensated by using efficient spreading
sequences, such as perfect difference codes (PDC) in spectral-amplitude coding based system [6].
Perfect difference codes are the special type of cyclic
difference set with weight (number of pulsed chips) equals to w, length v = w2 – w + 1, and correlation constraint
of γ = 1. The detailed information about the perfect difference codes can be found in [7-9]. PDCs provide a compromise performance between the two typical classes
of unipolar sequences used in OCDMA systems, i.e.,
Optical Orthogonal codes and Prime codes, in terms of
cardinality, sequence length and cross correlation constraint. PDCs have cross correlation constraint equal to
OOC and sequence length comparable to Prime codes
with the added advantage that PDCs can be constructed
for any number of weight, while in Prime codes the weight is equal to a prime number. To the author’s best knowledge most work on WIR systems adopting unipolar sequences is based on either OOC and Prime codes [10-11],
we for the first time in this paper apply PDCs in wireless
infrared systems. For the purpose of this paper we are
interested in the following two properties of PDCs: 1)
The cross correlation between the two PDCs is unity.
This property is exploited to design the decoder to efficiently recover data by suppressing MAI effect, and 2)
Perfect difference codes are cyclic shifted. The cyclic nature of PDCs is combined with the cyclic nature of Arrayed-waveguide multiplexers to construct compact efficient encoders.
In this paper, we apply perfect difference codes for the
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first time in indoor optical wireless channel. A wireless
infrared system is proposed which uses the compact encoders and decoders. The uplink performance analysis of
such system is analyzed in terms of bit error rate versus
path loss and bit error rate versus number of users.
Following this, in Section 2 we give the reader an introduction and overview of the system model explaining
the channel model and transmitter receiver structure to
clarify the analysis presented in the next section. We give the schematic diagram of the encoding and decoding
device and explain how they work. In Section 3, we obtain the system performance under Gaussian approximations using the proposed model in Section 2. Finally Section 4 concludes the paper.
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one 7 × 7 AWG router which can generate seven codewords simultaneously. After the light is incident on the
splitter it is directed to 3 specific AWG input ports according to the adopted PDC. By controlling the states of
2 × 2 switches denoted as dk with the user’s information
bits, the encoder can transmit suitable codewords to the
end users. The upper arm of 2 × 2 switch is connected to
the combiner for broadcast transmission, while the lower
arm is left unused. When the data bit is 1 a unique PDC
assigned to each user is sent, however, when data bit is 0,
a common zero code assigned to all users is transmitted
[13].
Diffuse
reflectivity

2. System Model

h1

The number of active users is I + 1 and Nmax is maximum
allowed number of users which can be associated to each
station. We use PDC based OCDMA as uplink multiple
access technique. The average received power using
PDC is expressed by [12]
w
Pr 
I r Ad
(1)
2v

where

ET AL.

Ir = is the received light intensity,
Ad = is the area of photodetector.

h2
Transmitter

Receiver

Figure 1. Non-directed non-line of sight LOS (diffuse) configuration.
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2.1. Channel Model
One of the most important parameters that affect the
performance of infrared system is the channel path loss
which is the DC-gain (H0) of the channel transfer function. It can be expressed as:

Pr  H 0 Pt

(2)

relating the transmitted and received average powers.
Figure 1 illustrates the non-directed non-line of sight
configuration selected for the system under study in which the transmitter and receiver are pointed straight upward and transmitter emits a Lambertian pattern. The h1
and h2 represents the distance of transmitter and receiver
from the ceiling, with diffuse reflectivity ρ, respectively.
We assume that the diffuse reflectivity of ceiling is 80%.
The path loss for diffuse link is plotted in Figure 2 which is measured in a typical office [4].
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Figure 2. Optical path loss of a diffuse infrared links employing a Lambertian transmitter and a detector of area Ad =
1 cm2 and reflectivity of 80% measured in a typical room.

2.2. Transmitter & Receiver
At the transmitter on-off keying intensity modulation scheme is adopted and direct detection at the receiver. Duration of each chip is Tc = Tb/v where v is the code length
and Tb is the bit duration.
Figure 3 shows the proposed encoder designed with
PDCs for v = 7 and w = 3. It contains 1 × 7 splitter and
Copyright © 2010 SciRes.

Figure 3. Encoder based on PDC. (BS: Broadband source).
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At the receiver, a composite signal containing the desired signal along with the noise and interference from all
other I active users passed through the channel is detected. The receiver’s structure as illustrated in Figure 4 is
based on correlation detection. The received signal is divided into v branches and then delayed to accumulate the
marked chips in the optical correlator. At the receiver all
the weighted chips of the desired sequence are summed
to form a decision variable. This decision variable is compared to a threshold to detect data bit 1 or 0 [14].

3. Performance Analysis and Results
In this analysis, it is assumed that different nodes transmit asynchronously and independently. Further to make
things simpler, different signals are assumed to be chip
synchronous, which is a pessimistic case and gives an
upper bound to the BER of the real asynchronous system
[14,15].
The number of interfering pulses received in jth pulse
position of the desired codeword is denoted by  j  1,2 ,
 , K . The vector of received interference is denoted by
   1 ,  2 ,  ,  K  . In light of the cross-correlation
property of PDC, two code-words cannot overlap at more
than one pulse position. Therefore, the probability that
two codewords overlap at one pulse position is q 
w 2 / 2v where factor 1/2 accounts for the probability
that interfering user sent “one” only half time.
Given I interfering users, the BER of the desired
user’s signal can be expressed as [15,16]:
Pe 

I

 Pr i PFi 

(3)

where
Q x  

I 
I i
(4)
Pr i    q i 1  q 
i
 
Fi is the set of all possible  vectors. Since the I interfering users are not distinguishable in correlation receiver, PFi   P  .
Using Gaussian approximation for photon detection,
P  can be written as [15,16]:
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μb and σb is the mean and variance, respectively, of the
signal when data bit b (0 or 1) is transmitted, and θ is the
threshold.
Let Pr be the received optical power per chip at the
input of correlator, then power at the output of optical
correlator can be written as:

 P  w  I  ,
PCR   r
 Pr  I  ,

for b  1
for b  0

(7)

here w is the weight of the PDC, I is the number of interfering users in the system.
The threshold Pth of the hard limiter is set to Pr (w +
2I) /2 ; therefore, the power Pr (w + I) in Equation (7) is
clipped to Pr (w + 2I) /2 while the power Pr (I) is clipped
to zero. After that, the output of the hard limiter is transformed to an electronic signal by the photodetector. Finally, the integrate-and-dump circuit and the threshold
circuit decide whether the received bit is 0 or 1.
The average photon arrival rate λ per pulse at the input
of the optical correlator is given by λ = ηPr / h f. According to correlation property of PDC each user contributes
one spectral component in the desired user’s signal and
the mean photon count produced by the ith interferer,
which is a function of ρi (path loss) and transmission
power, is given is:
K

I      ik ,

 k  1, 2, N  1

(8)

k 1

i 0

where Pr i  is the probability that there are l interfering
pulses, which is given by:



ET AL.

Given N = I and the desired bit b = 1, using Gaussian
expression, the mean and variance can be expressed as:
 k  2 I  kI d 
 A m
  GTc  d b


R
e
 hf
b



1  GTc 

 k  2 I  kI d 
 Ad mb

  GTc 
R
e
 hf
b



 12  G 2 FeTc 





(9)


   th2 (10)


where Ad is the photodetector’s area, mb is the mean
photon count of the ambient light noise, and Id is the dark
current, G is the average APD gain of upper APD. Tc is
the chip duration, Ib is the bulk leakage current, Is is the
surface leakage current, e is the electron charge, Fe is the
excess noise factor given as:

Figure 4. Decoder of the system.
Copyright © 2010 SciRes.
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Fe  keff G  2  1 / G  1  keff



(11)

here keff is the APD effective ionization ratio and,  th2 is
the variance of thermal noise given as:

 th2 

2 K bTnTc
e2 RL

(12)

ET AL.

distance from the base station can access the base station
with equal power.
Figure 6 plots the error probability versus user’s distance from the base station for different bit rates (2, 4
and 10 Mbps). The transmitted power and the number of
interferes is kept fixed at Pt = 20 mW and 5, respectively.
Table 1. Parameters used.

where Kb is the Boltzman’s constant, Tn is the receiver
noise temperature, and RL is the receiver load resistance.
Given N = I and the desired bit b = 0, using Gaussian
expression, the mean and variance can be expressed as:
 A m 
 kI 
0  GTc  d   GTc  d b 
 e 
 hf 

(13)

 A m 
 kI 
 02  GTc  d   GTc  d b    th2
 e 
 hf 

(14)

PD quantum efficiency

η = 0.6

Gain of the APD

100

Receiver noise temperature

Tn = 300 K

Receiver load resistor

RL = 1030 Ω

100

To minimize the BER, the optimal threshold θ can be
derived as:
for 

2
1



2
0

a   12   02

(16)

b   12  0   02 1

(17)

 2 
c   ln 12  02 12   02 12   12  02
0 

10-15
10-20
Pt = 5 mW
Pt = 10 mW
Pt = 15 mW
Pt = 30 mW

10-25

(18)

Now, we present some numerical results for the wireless infrared system discussed above. We assume an
infrared CDMA system with data rate of Rb = 2 Mbps
per user and PDC codewords with length v = 183 and
weight w = 14. The system is operating at the wavelength of λ = 850 nm, the ambient light noise intensity
is mb = 490 μW/cm2 the quantum efficiency of the
Photodetector is η = 0.6, Photodetector’s area is Ad = 1
cm2 and dark current is assumed to be Id = 160 nA. The
other parameters are listed in Table 1.
Figure 5 illustrates the bit error rate performance of
the indoor optical distance versus the user’s distance (ρ)
from the base station for transmission powers of 5 mW,
20 mW, 15 mW and 30 mW. The number of interfering
users is kept fixed. One can see the near-far problem in a
basic PDC wireless infrared network without power control. As the distance from the base station is increased the
system performance degrades rapidly. This shows that
the users which are near the base station obtain much
more BER than needed but the data from far users can
not be detected with desired BER. This generates the requirement of a power control algorithm in indoor wireless system to make sure that all users regardless of their
Copyright © 2010 SciRes.
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Figure 5. BER versus for various transmission powers. Number of interferes is 5.
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Figure 6. BER versus user’s distance from base station
(ρ) for various bit rates. Number of interferes is 5 and Pt
= 20 mW.
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It can be seen that the path loss as the user’s move away
from the base station puts severe restrictions on the data
rate. In Figure 7, the bit error rate versus number of users is plotted. We can see that as the number of users
increase the bit error rate performance is improved. The
reason for this again can be found in Equation (7) which
shows the increase in the number of users is directly
proportional to the difference between data bit 1 and 0.

4. Summary
In this paper, we applied perfect difference codes in wireless domain. The uplink performance in presence of various noise sources such as path loss, ambient noise, multiple access interference and thermal noise is analyzed.
The bit error rate performance was analyzed over different transmission powers and different data rates. It is
revealed from the results that an effective power control
algorithm is required to mitigate path loss effects.
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