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ABSTRACT

A novel gossip algorithm for distributed averaging with fast convergence and reduced cost of
communication over wireless sensor networks (WSNs) is proposed in this paper. This algorithm is proved
to improve the behaviour of the standard gossip algorithm (SGA), triplewise gossip algorithms (TGAS)
and the geographic gossip algorithm (GGA) by exploiting the geographic information of the network. An
analysis of convergence time and cost of communication of the proposed algorithm is performed and a
comparison with other existing methods is provided.
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1. INTRODUCTION

Agreement/consensus of sensed information is one of issues of distributed signal processing in
WSNSs. Averaging the initial value of all the nodes in the network is an example of aggregate
problem. Distributed averaging methods are widely used to solve agreement problems [1].
Gossip algorithms are widely used in distributed signal processing. Centralized computing, on
the other hand, involves collecting data from all network nodes. In centralized computing,
computations are performed at a fusion center. Distributed networks consume more power than
their centralized counterparts do; the energy consumption depends on the number of radio
transmissions and the total number of iterations until convergence. Distributed averaging
algorithms have to be designed to avoid unnecessary waste of power and time. Among the
advantages gained, gossip algorithms are robust against link failures and a communication
bottleneck near the fusion center is avoided [2]. Sums and averages constitute building blocks
for many signal processing applications, such as Gram-Schmidt orthogonalization [2]-[3], WSN
node localization [4] and linear parameter estimation [5], to name just a few. Gossiping is a
modified version of flooding, where the nodes do not broadcast a packet, but send it to a
fully or not fully randomly selected neighbour/s. Gossiping avoids the problem of implosion
of the network due to collision, but it takes a long time for message propagation throughout
the network [1]. Though gossiping has considerably lower overhead than flooding, it does
not guarantee that all nodes of the network will receive the message. It relies on the random
neighbour selection to eventually propagate the message throughout the network. Gossip
algorithms are employed to calculate the average of measurements of a WSN. In a typical
pairwise gossip algorithm such as SGA [6]-[7], one node i wakes up at each iteration with
probability P=1/N, where N is the number of sensor nodes, and performs averaging with one of
its neighbors j at random with probability Pj; iterations continue with slow convergence [1], [5]-
[8]. SGA has another disadvantage in that it wastes a lot of energy among all gossip algorithms
because of significant recalculation of redundant information. This result motivated Dimakis et
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al. [8] to modify the SGA by averaging with far away nodes resulting in the introduction of the
so-called GGA. The latter algorithm accelerates the averaging process by averaging between
any pairwise nodes in the whole network, exploiting the geographic information of activated
nodes and their neighbors [1], [5], [8]-[9]. Triplewise gossip algorithms (TGAS), e.g. standard
TGA and greedy TGA (G-TGA) accelerate the pair wise averaging methods (GGA and SGA)
even further by averaging between three nodes per iteration instead of between only two nodes
[10]. In standard TGA, at each iteration, one node wakes up and performs averaging with two of
its neighbors at random. G-TGA has been proposed to reduce the time of convergence allowing
the activated node to choose two neighbors with different measurements (minimum and
maximum) [10]. Averaging/summing aggregate problems show up in distributed sensor
networks, while averaging/summing agreement problems do not arise in centralized sensor
networks [1]. Distributed consensus algorithms are not confined to WSNSs, and they can be
applied to distributed processor computing [11], distributed data base management or
distributed signal processing on the Internet for example [1]. In distributed manner, every node
has a local information. In a cluster-based WSN, it is still not possible to apply gossip
algorithms on it. Each cluster needs a fusion centre to connect to the gate way. The fusion centre
requires entire information about the cluster, while aggregate values do not need entire
information. The latter point makes gossiping more robust against link failure and not possible
to apply on cluster-based WSNE.

The proposed algorithm, named geographic greedy triplewise gossip algorithm (GGTGA),
exploits the good points in both G-TGA and GGA to improve both convergence time and cost.
The rest of the paper is organized as follows. The problem formulation including distributed
averaging, network model and time model is presented in Section 2, then our algorithm
(GGTGA) is proposed and analyzed in Section 3. Simulation results and conclusion are
presented in Sections 4 and 5, respectively.

2. PROBLEM FORMULATION
2.1 Distributed Averaging

In WSN with N nodes, the i™ node has an initial scalar measurement, x; (0), in some modality
of interest (e.g., temperature, pressure, light, ...etc.). The aim of the averaging algorithms is

reaching the global average x .. =% N . x;(0) from the local measurements [1], [5]-[8] and

[10]. We are interested in the number of iterations or rounds required for convergence and the
number of radio transmissions passing through the network during the averaging process. At
each round t=1:T,,. a Set of nodes updates their estimations [1], [5]-[10], where
T.ve represents the total practical time of convergence of true global averaging. The gossip
algorithms converge to the almost surely true average if P [lim,. €(t) = 0] = 1, where
e(t) = |IX(t) — xgpe1]|, is the estimation error, X(t) is the N*1 vector of measurements, and 1
is the N*1 unit vector [12]-[13]. The gossip algorithms operate as follows: At each round in a
set of nodes, at least two nodes are averaging and updating their estimations per round. Let S(t)
represent a set of nodes at time t and x;(t) the estimation value for node i € S(t). The nodes
update their estimations according to Equation (1):

xi(8) = 55 * Tiesoy % (£ = 1) )

The rest of the nodes remain unchanged in this round [11]:

xe(0) = x(t = 1) )
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Table 1. Key term's definition.

Item Definition
Time of convergence: | The time of convergence is the total time accounted until
X(t) = Xave 1 is reached.

Communication cost: | The number of the entire messages spent until reaching
the exact convergence.

2.2 Network Model

Sensor nodes deployment strategies play an important part in the performance of networks.
Many topologies can be found in the wireless model such as ring, grid and random geometric
graph (RGG) ...etc. The random geometric graph G (N,r) is an irregular model and suitable
topology for WSN. RGG is formulated by choosing N nodes uniformly and independently in the

unit square [0,1]% [1], [5], [8] and [10]. The transmission range of a node is r = /—C*l°1\g](’v) in

order to maintain connectivity and prevent interference [10]. The radio transmission range r
plays an important role in convergence; small radio transmission ranges result in slow
convergence, even for fast averaging algorithms [6]. Therefore, r must be set carefully. The
constant ¢ will be assigned the value c=2, which is the suitable value for the TGA algorithms
[10] in order to test all the considered algorithms under the same conditions to compare their
behavior.

2.3 Time Model

We use an asynchronous time model, which is a more suitable time model for distributed
networks. In the asynchronous time model, each node has an independent clock, which ticks at
the random time rate A following a Poisson process. The inter-tick times between each two
iterations are independently and identically distributed (i.i.d) and are inversely proportional to
N A. If A is small enough, then there is only one iteration at a time with high probability and
each communication has greater chance to succeed. If A is too large, then there is a high chance
that a node becomes activated while another node is still operating. In this case, and if the
network has a huge number of nodes, the network nodes are prone to failure in updating their
estimates [1], [6]-[13].

2.4 Gossip Algorithms
2.4.1 Pairwise or Standard Gossip Algorithm (SGA)

This is also called nearest-neighbour gossip algorithm, the earliest distributed averaging method
proposed by [5]-[6]. At each round, the asynchronous averaging algorithm activates one node
(s) at random and averages its value with one—hop neighbours (d) at random with probability
Psgs. Both sensor nodes update their values by replacing their own value with the calculated
average. The averaging is done by putting 0.5 in indices (s,s), (s,d), (d,s) and (d,d) of the
identity matrix W(t), where W(t) is a random, symmetric, doubly stochastic, independent and
identity matrix [13]. Algorithm 1 explains the pairwise gossip strategy systematically.

Practically, time convergence can be defined as the first time when [|X(t) — x4, 1||, equals
zero [9]. This algorithm converges slowly and wastes energy because of significant
recalculation of redundant information. This motivated other researchers to propose other
distributed averaging methods. Communication cost can be theoretically and practically
calculated. Practically, SGA costs two message transmissions per round and therefore the total
number of messages is calculated as:

Cost (practical) = total time practically calculated * 2 . 3
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Figure 1. Sensor Nodes Distributed in RGG.

Theoretically, the cost of SGA is computed by cost = 0(%10g(6‘1) ) forr =
\/2 =log(N)/N. he equation for the cost becomes [8]:

2
Cost (theoretical) = O( %g(mlog(e_l) ), (4)

where value of € represents averaging accuracy between (0,1).

Algorithm 1: Standard Gossip Algorithm:

for t=1: T,pe.
s=activated node at random.
d=neighbor node to node (s) selected at random.
xq(t—1)+xs(t—1) . .
xq(t) = ==———=——= the new estimate is sent back to node(s).

%,(6) = xa(0).
end for.

o0~ whE

2.4.2 Geographic Gossip Algorithm (GGA)

This algorithm was proposed after a disappointing result of slow mixing time of SGA and waste
of energy due to significant recalculation of redundant information. GGA is an asynchronous
algorithm that accelerates the pairwise standard averaging by exploiting geographic information
of nodes as well as geographic location of their neighbours. Thereby, GGA is able to route a
node's estimation value to far away nodes in RGG, by utilizing greedy routing towards the
destination [8], [14].

At each round, one node is activated, a location point (xd,yd) is chosen and greedy route
towards the closest node to the chosen location is started. The receiving node calculates
pairwise average and utilizes the route in reverse. The activated node will receive the new
estimate and update its value. Algorithm 2 shows the behaviour of GGA. Routing is expensive
in terms of communication cost. Nevertheless, it is the reason for achieving convergence
acceleration by gossiping with random nodes, which are far away in the network [8]. GGA

saves a factor ’$ over SGA in terms of communication cost on RGG so the equation will be

as follows [8]:
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154log €~
Cost (theoretical) = 0( 7 JTog) ) (5)
The number of messages is not constant at each round, thus the number of messages cannot be
calculated practically, since the route is variable in length at each round. In terms of time of
convergence, the estimation error equation is used to show the practical time for convergence.
The time required for convergence can be computed theoretically depending on Equation (6) in
terms of € [8]:

Tove(theoretical) = O(N * loge™1). (6)

Algorithm 2: Geographic Gossip Algorithm:

1. fort=1: T pe.

2. s=activated node at random.

3. (xd,yd) selected point by node (s) starts greedy routing toward the closest node to the
chosen point.

4. d =is the closest node.
xq(t—1)+x5(t—1)

5 x4(t) = > , the new estimate is sent back to node (s) through the same
route.

6. xs(t) = x4(t).

7. end for.

2.4.3 Standard Triplewise Gossip Algorithm (Standard TGA)

TGA is a recently introduced, asynchronous algorithm that enhances the distributed ability by
enlarging the gossip group and thereby reaching a good estimation of the average with fewer
rounds and less communication cost [10]. In SGA, the communication complexity is very high
on RGG [1], [7].

In standard TGA, at each round, one node wakes up at random, selects two of its neighbours at
random and averages their estimations and then all these three nodes update their values to be
equal to the new local averaging estimation. There is an exception when the number of
neighbours for the activated node is equal to one, then pairwise averaging is performed instead
of triplewise averaging [10].

Practically, standard TGA costs four message transmissions per round. One transmission is
required from the source node (s) to two destination nodes (d; & d,) and two transmissions from
(d; & d,) to (s). Finally, node (s) calculates the averaging of three nodes (s, d; & d,) and
transmits the new estimation to both nodes (d; & d,) [10]. Algorithm 3 illustrates the averaging
method by standard TGA.

Cost (practical) = total practical time required for convergence * 4. @)

Algorithm 3: Standard Triplewise Gossip Algorithm:

for t=1: T,ype-
s=activated node at random.
node (s) sends a broadcast message to all its neighbors.
d; & d, =two neighbor node to node (s) which was selected at random.
xs(t) _ Xg1(t—1)+x5(t—1)+x4,(t—1)

xa1 () = xq2 () = x5(0).
end for.

, the new estimate is sent back to nodes (d; and d,).

No g ~wbdE
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2.4.4 Greedy-Triplewise Gossip Algorithm (G-TGA)

This is an asynchronous algorithm almost identical to standard TGA, but instead of the activated
node dealing with two neighbours at random, G-TGA deals with two neighbours having specific
different values. This point improves the time for convergence more than standard TGA and
then provides less message transmissions. The activated node chooses two of its neighbours:
one having the minimum estimate and the second having the maximum estimate among all
neighbours. This algorithm requires six message transmissions per round. Algorithm 4 explains
the behaviour of G-TGA systematically. Node (s) is activated, then two neighbour nodes Ny are
selected one with the maximum value and the second with the minimum value among all
neighbours of the activated node. First, 4-radio transmission is required as in standard TGA;
after the activated node changes its value, the two destination nodes will update and broadcast
their values [10].

Cost (practical) = total practical time required to convergence * 6. (8)

Algorithm 4: Greedy-Triplewise Gossip Algorithm:

for t=1: Type

s=activated node at random

node (s) sends a broadcast message to all its neighbors

d; & d, =two neighbors of node (s) and having different values
d; =node has a minimum value

d, =node has a maximum value

x5(t) = xdl(t_l)”S(;_ledz(t_l) The new estimate is sent back to nodes (d; and d)

xq1(t) = xg2(t) = x5(t)
end for.

©o N ogkrwbdE

3. GEOGRAPHIC GREEDY TRIPLEWISE GOSsIP ALGORITHM (GGTGA)

Our algorithm is proposed to reduce the number of radio transmissions and of iterations to reach
global convergence. Every node has known its location and the geographic location of its
neighbours. For each t=1, 2, ..., T,,., One node is activated and chooses a location point (Xg,Yq)
at random. The activated node will use greedy routing toward two nodes within the transmission
range of the chosen location, one of them having the minimum value measurement and the other
having the maximum value among the other nodes in the transmission range. The activated node
(s) will send its activation message to the two chosen nodes (d; & d) by forwarding the message
through the path.

The two destination nodes (d; & d,) will receive the activation message of node (s), then the
destination nodes will send their estimated values (the maximum and minimum estimation
values) to node (s) using the same route that node (s) followed to send its activation message to
(d; & d,). The activated node (s) will compute the average of its value and the values of the two
destination nodes according to the following equation:

xs(t—1)+xq, (t-1)+xq,(t-1)

x5(6) = : (©)

Then, node (s) uses the same route to forward the new updated value to both nodes (d; & d,). At
the end of the iteration, Equation (10) results, while the remaining nodes remain unchanged as
in Equation (11):

Xq, (1) = Xq, (1) = x5(2), (10)

xk(t) = xk(t - 1) . (11)
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If we let X(t) indicate the vector of estimated values at the end of the time slot t, then the
algorithm execution can be described as a sequence of iterations:

X(t) =W)Xt —-1), (12)

where W is the weighted averaging matrix [10]. W is a random, symmetric, doubly stochastic
and semi definite-programming selected averaging matrix. W (t) is an i.i.d selected matrix at
every time round [1], [5], [9]-[10] and [14]. For any gossip algorithm W?=W at each round, i.e.,
W(t) is a projection matrix since averaging the same set twice no longer changes the vector X(t)
[1], [4].

Leta; ; = e; —ej, where e; = [0,0....,1, ...,0]Tis an N*1 unit vector with i*" element equals 1.
With probability% * Py j = Py, the random symmetric matrix W (t) is:

T T T
ai,jai_]- +ai’kai’k +0(]"ka]"k

W:., =1-—
i,j,k 3

(13)

Algorithm 5: Geographic Greedy-Triplewise Gossip Algorithm (GGTGA):

1. fort=1: T pe.

2. s=activated node at random.
3. (xd,yd) selected point at random by node (s) starts greedy routing toward the two nodes
within transmission range of the chosen point, one with the maximum value and the
other with the minimum value.

d; =node with the minimum value sends its value to node (s).

d, =node with the maximum value sends its value to node (s).

xs(t) _ Xg1(t—1)+x5(t—1)+x4,(t—1)

Xq1(t) = xg2(t) = x4(2).
end for.

, the new estimate is sent back to nodes (d; and d,).

©ON o Uk

Nodes require memory to save this information. Sensor nodes that need to save nodes location
call for additional memory requirements. This is the weakness point of our proposed algorithm
GGTGA and GGA.

3.1 Time of Convergence

The convergence time of the proposed algorithm will improve over that of G-TGA, standard
TGA, GGA and SGA, as we will show in Section 4 in the simulation results. For GGA, the
convergence time T, is theoretically given by Equation (6), where € is the averaging accuracy
with values between 0 and 1 [8]. The value of € is very important for the calculation of the
communication overhead for GGA in Sub-section 3.2 below, since the number of messages per
round is not constant. It gives the level of accuracy and takes the same value that was taken in
Equation (6). Practically, all gossip algorithms depend on the estimation error function to see
the speed up of distributed averaging algorithm. Many methods can be used to accelerate
convergence, such as adding a shift register [15], but additional hardware causes the node to
consume power and increases its size. Other algorithms use the broadcast property for
communication, such as broadcast gossip algorithm (BGA) [16]. BGA has a lot of
disadvantages; it needs to optimize certain parametric values well like (y) [16] and does not
converge to the correct average of initial value of all nodes [10]. Deterministic averaging
algorithms are faster than randomized averaging algorithms (gossip algorithms), putting
conditions for the selection of destination nodes which helps accelerate convergence, while full
randomization increases redundancy and hence slows convergence. If the selection of nodes is
not fully random, the convergence time will be enhanced.
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3.2 Communication Cost

Now, we need to see how our algorithm reduces the number of radio transmissions as well. It is
worth noting that the number of messages in GGA and the proposed GGTGA is not constant per
iteration, since it depends on the path it takes in each iteration. So if we find the average cost per
iteration in GGA, we can estimate the communication cost for the proposed GGTGA by
proportionally taking into account the convergence time Ty, obtained practically for GGTGA.
The rationale behind this assumption is that GGTGA also employs geographical routing as in
GGA, and therefore, the average communication cost in a path should be comparable. The result
is then multiplied by 2 to account for the two routes of GGTGA. Although this communication
cost would only be an estimate, it is at least guaranteed to be of the same order of magnitude of
the exact value.

4. SIMULATION

We use Matlab to simulate and consider a static, time invariant [13] connected network
consisting of 100 nodes that are uniformly and independently distributed in the unit square
[0,1]%. We will first consider the convergence times for G-TGA, GGA and SGA and compare
them with that of the proposed GGTGA. Figure 2 shows the convergence time that results in an
estimation error e(t) = ||X(t) — x4ve1l|, equal to zero [9], [13].

As is clear from Figure 2, GGTGA needs only 323 iterations. It remarkably accelerates the time
for convergence. The slowest algorithm, which has a slow mixing time, is SGA. It needs 7213
iterations for convergence. The convergence times for the different algorithms are shown in
Table 2. Figure 3 shows the logarithmic representation of the estimation error given by Equation
(14) below [9], [13]:

e(t) = log(|I1X(t) — xgpelll2 ). (14)

We now turn to the calculation of the number of radio transmissions. Substituting the practical
value of T,,. of Table 2 for GGA in Equation (6) that represents the theoretical convergence
time for GGA, and assuming exact equality, we compute € for GGA in order to substitute it in
the corresponding equation to obtain the number of radio transmissions. As for the proposed
GGTGA, the communication cost is found as outlined in Section 3.2.

Figure (4) and Figure (5) represent simulation for the number of message-passings for each
presented gossip algorithm. Table 2 shows the number of radio transmissions for the various
algorithms as well as the required € if needed. GGA needs € in order to get the expected
number of messages, since the number of messages per round is not constant. With a level of
accuracy equal to (3.1623¢°'°), the expected cost is almost 4 messages per iteration for GGA and
thus we can deduce the expected cost for our proposed algorithm GGTGA. We calculate the
expected cost per iteration, since the greedy routing is found at each iteration. There is a trade-
off between the level of accuracy and the number of both iterations and message-passings.



161

Jordanian Journal of Computers and Information Technology (JJCIT), Vol. 2, No. 3, December 2016.

3 r
SGA
GGA
2.5 G-TGA ||
GG-TGA
= 2
S
m
2 15}
£ s\
i
1
0.5
0 ;
0 1000 2000 3000 4000 5000 6000 7000 8000
Number of Round
Figure 2. Convergence of Various Gossip Algorithms.
10"
SGA [
o GGA |
10 GTGA I
5 N GG-TGA ||
= 1 o
2 10 e
= -2
7 10 \ \g\\
Q \\ G
é 10° N\
D Y .~
S \ S —
10* = \
10°
0 1000 2000 3000 4000 5000 6000 7000 8000
Number of Round
Figure 3. Logarithmic Convergence of Various Gossip Algorithms.
Table 2. The behaviour of different gossip algorithms.
Aggregate Algorithm
Parameter evaluation SGA GGA G-TGA GGTGA
Number of iterations 7213 2224 552 323
€ / 3.1623¢"" / /
Number of messages 14426 8896 3312 2584
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5. CONCLUSION

Deterministic averaging algorithms are faster than randomized averaging algorithms (gossip
algorithms). Putting conditions for the selection of destination nodes helps accelerate
convergence, while full randomization increases redundancy and hence slows convergence. If
the selection of nodes is not fully random, the convergence time will be enhanced with little
cost. We propose a novel gossip algorithm that accelerates the time of convergence and reduces
the number of radio transmissions needed to perform distributed averaging in WSNs. These two
parameters determine the amount of power consumption in distributed WSNs. Our algorithm
greatly reduced both convergence time and number of radio transmissions. Therefore, it was
shown to outperform other existing gossip algorithms in terms of energy saving. Nodes require
memory to save this information. Sensor nodes that need to save node locations call for
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additional memory requirements. This is the weakness point of our proposed algorithm GGTGA
and GGA.
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ABSTRACT

This paper presents the design and simulation of a low-power full-band UWB transmitter with on-chip
quadrature voltage-controlled oscillator (QVCO) in 130 nm CMOS technology. The proposed transmitter
consists of a passive poly-phase filter (PPF), QVCO, a quadrature modulator core and an RF power
amplifier. The QVCO uses the differential delay cell architecture with four cascaded stages. The transmitter
has the following specifications: a 15.28 dB average conversion gain with a ripple of £1dB from 2 GHz to 11
GHz, the average input 1-dB compression point (IP1dB) is —10 dBm and the average output 1-dB
compression point (OP1dB) is 4.35 dBm. The QVCO achieves a wide frequency range (2-11 GHz) with a —80
dBc/Hz phase noise. In addition, the supply voltage of the proposed transmitter is 1.2 V with power
consumption of 77.8 mW.

KEYWORDS
UWB, QVCO, Up-conversion mixer, 130 nm CMQOS technology.

1. INTRODUCTION

Ultra-Wideband (UWB) technology has been around since the 1980s, but it has been used for radar
applications [1], since it gives accurate timing information due to the signal wideband nature.
However, the need for high data rate has made short-range UWB wireless communications quite
popular. Besides, the UWB is becoming more attractive for low-cost communication applications,
because it provides low power consumption, large bandwidth and high data rates (up to 480 Mbps
within 10m distance) [2]. Multi-band orthogonal frequency division multiplexing (MB-OFDM) and
impulse radio communication are both under the UWB standards. However, the impulse radio
approach faces the potential problem of many narrow-band systems co-existing as well as several
technical challenges related to generation of short pulses [3]. Thus, overcoming these challenges
enhanced the MB-OFDM approach which is used in this work.

So far, a variety of transmitters have been reported to implement MB-OFDM UWB transmitter [3]-
[7]. However, scrutiny of these papers revealed that all UWB transmitters proposed have relatively
high power consumption, although they did not contain an on-chip QVCO. Besides, they did not
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cover the full-band of MB-OFDM (2-11GHz), except the proposed work in [7]. However, the
transmitter in [7] is designed with 14 on-chip spiral inductor.

In this paper, a UWB CMOS transmitter for multi-band OFDM applications is implemented using
130 nm CMOS technology with power consumption of 77.8 mW from a 1.2 V supply voltage. The
designed transmitter covers the full-band of MB-OFDM (2-11GHz). It consists of a passive poly-
phase filter (PPF), a quadrature voltage-controlled oscillator (QVCO), a quadrature modulator core
and an RF power amplifier. In addition, only 8 on-chip inductors are used in the proposed
transmitter.

This paper presents the design and simulation of a low-power full-band UWB transmitter. The
system overview for UWB is discussed in Section 2, the operational principles and the design of the
building blocks is addressed in Section 3. The simulation results of the proposed transmitter circuit
are reported in Section 4, followed by a conclusion in Section 5.

2. SYSTEM OVERVIEW

MB-OFDM UWB system is a system that enables transmitting data over multiple carriers at precise
frequencies at the same time. Multi-band OFDM system consolidates the multi-band (MB)
approach with the OFDM modulation technique. This approach divides the spectrum into smaller
sub-bands each with a bandwidth greater than 500 MHz (Federal Communications Commission
(FCC) requirement for a UWB system) and uses one of the sub-bands in each time-slot to transmit
the OFDM symbols. The system is denoted as a UWB-OFDM system since it is an OFDM system,
but operates over a very wide bandwidth, much larger than the conventional OFDM system
bandwidth.

In order to uphold the UWB standards based on OFDM, the MB-OFDM Alliance (MBOA) was
formed in 2003. As stated in the MBOA and WI Media standard [8], the UWB spectrum extends
over the frequency range from 3.168 GHz to 10.56 GHz and is divided into 14 bands, each band of
which has a bandwidth of 528 MHz and consists of 128 sub-channels, where the bandwidth of each
sub-channel is 4.125 MHz. The bands are gathered into five groups, the first four groups consist of
three bands, so they contain the first 12 bands, and the fifth one contains the last 2 bands, as
illustrated in Figure 1.

Group 1 Group 2 Group 3 Group 4 Group 5

| i 1 i
A Channel  Channel Channel | Channel Channel Channel | Channel Channel Channel | Channel Channel Channel | Channel Channel

3 L4 s 6 i 7 8 9 1 10 § 12 | 13 14

BER ' BER

3432 3960 4488 5016 5544 6072 6600 7128 7656 8184 8712 9240 9768 10296
MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz  MHz

Figure 1. The allocation of the bands in the UWB MB-OFDM system.
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3. PRINCIPLE OF OPERATION

Figure 2 shows the block diagram of the proposed UWB transmitter system which consists of a
passive poly-phase filter, a quadrature modulator core, a quadrature voltage-controlled oscillator
and an RF power amplifier. The quadrature modulator core is formed by two mixers and one adder
and converts the quadrature intermediate frequency (IF) signals and the quadrature local oscillator
(LO) signals into the single-side-band signal. The quadrature LO signal is obtained from a QVCO
which operates from 2 GHz to 11 GHz, and the quadrature of the input IF signal is achieved by the
passive poly-phase filter. Then, the amplification of the output signal of the quadrature modulator is
carried out using an RF power amplifier, in order to drive the load of the output. For the
measurement purpose, the single ended to differential and differential to single ended off-chip
transformation at the IF input port and RF output port are used, respectively.

The following subsections describe the operational principles and the circuits’ realization of the
quadrature modulator core, the PPF, the QVCO and the power amplifier.

¥ Single-Ended |
| | RFAmplifier |

Poly-phase
Filter

I
\ |
I Single-Ended

RF Amplifier |

Balanced RF
Amplifier

14-Band UWB
Transmitter

Figure 2. The block diagram of the full-band UWB transmitter.

3.1 Quadrature Modulator Core

Figure 3. shows the schematic diagram of the quadrature modulator core which is composed of two
paths: the I-path and the Q-path. The output of each path is added in current domain at nodes OP
and OM. Every path contains a double-balanced quadrature up-conversion mixer.

In each double-balanced quadrature up-conversion mixer, transistors M7-M10 form the Gilbert cell
core [9], where the LO signal is injected. Transistors M13 and M14 are used at the IF input, while
M11 and M12 are used as a current source to enhance the conversion gain of the mixer by realizing
bleeding technique. The capacitors C1- C4 are used as DC block capacitors, and resistors R1- R4
are used for biasing. Each mixer consumes 16.72 mA from a 1.2 VV power supply. The entire mixer
including both paths has a total power consumption of about 40.1 mW.
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Figure 3. Simplified schematic diagram of the quadrature modulator core.

3.2 Passive Poly-phase Filter (PPF)

PPF is designed to provide the quadrature modulator core with differential and quadrature inputs,
thereby allowing the use of a double-balanced mixer topology. This property proves critical in
reducing the LO-to-IF feedthrough. To achieve wider range of operation, three-stage poly-phase RC
filter is employed, as illustrated in Figure 4. The unit resistor is 5kQ in the three-stages, while the
unit capacitor is 440 fF, 240 fF and 120 fF in the first, second, and third stage, respectively. To
verify the phase precision of PPF outputs, the image rejection ratio simulation methodology is used
[10].

3.3 Quadrature Voltage Controlled Oscillator (QVCO)

Figure 5 illustrates the block diagram of the QVCO. A ring QVCO with four differential delay cells
is chosen. This structure can effectively reduce chip area and cost as compared to QVCO based on
LC ring oscillator structure.

The schematic diagram of each differential delay cell is depicted in Figure 6. In Figure 6, the
differential delay cell consists of a differential transistor pair (M3 and M4) with load transistors
(M1 and M2) and tail current transistors (M5 and M6). The operation of the QVCO is divided into
two modes, high frequency mode (3.28-11.16 GHz) and low frequency mode (1.5-6.2 GHz) based
on which tail current transistor (M5 or M6) of the differential delay cell is enabled. In each mode of
operation, the oscillation frequency of the ring QVCO is controlled by the gate voltage of M3 and
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M4. The designed QVCO based on proposed delay cell covers the frequency range from 2 GHz to
11 GHz and has a phase noise of —-80 dBc at IMHz offset frequency with a power consumption of
19.4mW.

Rp 5kQ
CP1 440 fF
Cr2 240 fF
Cp3 120 fF

| Stage 1 | I Stage 2 I | Stage 3 |

N — — N— — — N — —
Figure 4. The circuit schematic diagram of the poly-phase filter.
Phase shift=45° Phase shift=45° Phase shifi=45°  Phase shifi=45°
Stage #1 Stage #2 Stage #3 Stage #4 Phase shift=180"

Figure 5. The four-phase LO generator block diagram.

3.4 RF Power Amplifier

The circuit diagram of the RF power amplification stage is shown in Figure 7. In each amplifier,
M15 and M16 are used as an amplifier with source degenerative inductors L4 and L5. Also the
current-reuse technique is applied to (M15, M16) so a larger gain is achieved without an increase in
power consumption. C5 is used for DC blocking. M17 is a common-gate amplifier following the
input stage. Its main purpose is biasing the drains of (M15, M16), so that both stay in the saturation
region. Inductance peaking techniques are also used here to improve the operating frequency [11].
M18 is designed as a buffer to drive a 50 ohm output load for the measurement purpose, and C6
represents the output pad parasitic capacitance. A single power amplifier and its output buffer drain
7.625 mA from a 1.2 \V power supply.
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4. SIMULATION RESULTS

The proposed UWB transmitter with on-chip QVCO was designed, simulated and verified using
Cadence Spectre Circuit Simulator in TSMC 130nm 1P8M CMOS technology. It consumes a total
power of 77.8 mW. The transmitter covers the 14 bands of UWB MB-OFDM system, so that it can
be used for UWB full-band application.

The design and optimization of UWB transmitter require precise RF modeling for both active and
passive devices over a wide range of operation. Thus, in our simulation, we have used the RF
models extracted from the physical layout.

L7 - Cmime S
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< I’ M | »
I/Top o——W— oBottom
o Lt Rr/==~ Rs LB | 5
\
| I i Cox | !
1 e --- P4
\ o7 I i
\ ] /l
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| r'd
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Figure 8. The RF model of the capacitor.

The capacitor RF model is shown in Figure 8. The main capacitance in the model is Cyimc Which has
two plates: the top plate and the bottom plate. Between the main capacitor and the top plate, there
will be a parasitic inductance (L+) and resistance (Ry), as well as on the bottom plate side (Lg) and
(Rg). Since the bottom plate is close to the silicon substrate, this will create an oxide capacitance
modeled as Cox. Rsustate @Nd Coustrate Present the silicon substrate resistance and capacitance,
respectively.

The QVCO tuning curves for the typical process are shown in Figure 9. From Figure 9, it can be
seen that the QVCO covers all 14 bands in the UWB system. The QVCO works in two modes: the
high frequency mode (when En.1 is enabled) which covers the frequency range from 3.28 GHz to
11.16 GHz and the low frequency mode (when En.1 is enabled) which covers the range from 1.5
GHz to 6.2 GHz. There is an overlap between each mode, which starts at 6.2 GHz and ends at 3.28
GHz with a total overlap of 2.9 GHz. This overlap is designed to be high enough in order to
alleviate the frequency shift in the QVCO due to different corner processes (FF, SS, FS and SF).
From the simulation, the critical cases for overlap frequency and QVCO frequency coverage range
were in fast and slow process, as depicted in Figure 10 and Figure 11. From the results illustrated in
Figure 10 and Figure 11, for fast and slow process, respectively, the QVCO still covers the entire
band of the UWB system in both corners. The transient time simulation result of the proposed
QVCO at 10 GHz under typical process is shown in Figure 12.



"A 1.2-V Low-power Full-band Low-power UWB Transmitter with Integrated Quadrature VVoltage-controlled Oscillator and RF

Amplifier in 130nm CMOS Technology", Fadi R. Shahroury.

172

Table 1. The simulated power consumption in all circuit blocks of the proposed transmitter.

Transmitter Power
QVCO 19.4 mwW
Quadrature modulator core 40.1 mW
RF power amplifier 18.3 mW

Table 2. Performance and result comparison of published UWB transmitter.

This work [3] [4] [5] [6] [7]
Technology 130 nm CMOS 180 nm 90 nm 130 nm 130 nm 130 nm
CMOS CMOS CMOS CMOS CMOS
Supply voltage 1.2V 1.8V 11V 1.2V 15V 1.2V
Bandwidth 2GHz-11GHz 3GHz- 3.1GHz- 3GHz- 3GHz- 3GHz-
8GHz 9.5GHz 8GHz 5GHz 11GHz
Number of bands 14 9 12 9 3 14
OP_148 4,35 dBm -8.2dBm —2.8dBm 1.5dBm 5 dBm —0.4dBm
Containing VCO Yes No No No No No
Power 77.8 mW 139 mw 131 mwW 66 mW 97.5 mW 53.1 mW
12-
10 \
~ \ Overlap starts at 6.23 GHz
il b o
1); \ -
6! . < : ,
§ o —En.0 is high
o \ ——En.1is high
L a- :
L
2,
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Figure 9. QVCO tuning curves, typical process.
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Figure 16. The simulated OP1dB of the UWB transmitter over each band.

The simulated phase noise of the proposed QVCO is shown in Figure 13. The worst case for phase
noise of QVCO is —80 dBc at 1 MHz offset frequency with an operating frequency of 11 GHz.

The transmitter conversion gain in the frequency range from 2 GHz to 11 GHz is shown in Figure
14. As can be seen from Figure 14, the simulated average conversion gain of 15.28 dB is achieved
with a gain ripple of +1dB.

The simulated output power (PRF ) versus the input IF power (PIF ) is shown in Figure 15, where
the corresponding IP1dB and OP1dB are —10 dBm and 4.35 dBm, respectively. The average
simulated OP1dB is 4.65 dBm over the entire 14 bands as depicted in Figure 16.

The power consumption of each circuit block is shown in Table 1, while the simulated performance
parameters are summarized in Table 2. In addition, comparisons with other published works are
listed. Based upon Table 2, it is clear that the proposed transmitter with implemented QVCO covers
the full-band of MB-OFDM (2 GHz-11 GHz) under low power dissipation. It drains 64.83 mA from
the supply voltage of 1.2 V. Besides, the OP1dB achievement of the proposed UWB transmitter is
the highest except [6], and it conforms with the specifications of UWB applications [12].

5. CONCLUSION

In this paper, a UWB full-band MB-OFDM transmitter with implemented QVCO is designed. The
transmitter covers the frequency range from 2 GHz to 11 GHz and can cover all of the frequency
bands of the UWB MB-OFDM system (14 bands) due to the use of inductance peaking technique.
The simulation results have shown that the proposed transmitter can achieve a conversion gain of
15.28 dB with a ripple of £1dB. In addition, the power dissipation of the proposed transmitter is
77.8 mW from a 1.2 V supply voltage. Future search will be conducted on the design of frequency
synthesizer to reduce the QVCO phase noise and to control the output frequency [12]. In addition,
the carrier leakage and the sideband suppression of the proposed transmitter will be explored.
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ABSTRACT

Cryptography is used for secured data transmission, but the resulting unreadable messages usually attract
other’s attention, so steganography is employed to hide the secret information to prevent attackers from
discovering the presence of secret data. This paper proposes an improved technique that combines both
Advanced Encryption Standard (AES) algorithm for cryptography and steganography and takes the
advantages of using the high frequency coefficients of the cover image by applying the Discrete Wavelet
Transform (DWT).The proposed technique is employed to study the effect of hiding the encrypted secret
message in 24-bit RGB image. The performance of the proposed method is evaluated in terms of the Peak
Signal to Noise Ratio (PSNR) analysis, the payload embedding capacity and the histogram distribution
analysis. Comparison to other four associated works will be offered. Experimental results reveal that the
proposed method gives a secure technique for data hiding and shows robustness against different attacks.

KEYWORDS
DWT, Steganography, AES, Cryptography, PSNR, Payload, Histogram.

1. INTRODUCTION

Security problems become an essential issue due to exchanging large amounts of data on computer
networks [1]. This has resulted in the appearance of a lot of applications that are concerned with the
data hiding field, such as; cryptography, watermarking, fingerprinting and steganography. The most
two preferred techniques are cryptography and steganography [2]-[3]. Although these two are
related, there is a difference between them; cryptography encrypts the secret text, but its presence is
still detectable, so that the message can be intercepted and altered by the attacker. In contrast,
steganography conceals the existence of the secret data in another medium [4]-[5], so that the
development of steganography provides secure transfer of data without stimulating any doubt,
where different techniques for data hiding are used to hide the secret data into a cover medium [6]-

[71.

Steganography methods are classified into; spatial domain-based steganography and frequency
domain-based steganography [8]. Spatial domain techniques use the pixel’s least significant bits
(LSBs) to embed the secret message bits. The resulting stego-image is susceptible to many noisy
operations because of the simplicity of LSB techniques [9]. Frequency domain techniques utilize
the properties of the cover image and then the steganography robustness is improved [5].
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There have been a lot of works using the combination of both cryptography and steganography or
one of them. In [10], DWT is used to embed the secret message in a gray image. It provides high
stego-image quality although it embeds large capacity of data. In [11], DWT steganography method
was used, in which the data is hidden in the main components of the sub-image. These are; the
horizontal, the vertical and the diagonal components.

In [12], a method was presented that uses a combined application of steganography and visual
cryptography. It provides the protection for the customer identity, then a limited amount of
information is given for money transfer through the shopping on internet. In [13], AES Rijndeal
method and secret key steganography are combined to provide higher security and higher hidden
data rate. In AES, the message is powerfully encrypted. By steganography, Discrete Cosine
Transform (DCT) of an image is used, where two secret keys are generated in such a manner that
makes the system highly secured. In [14], a symmetric key RSA and symmetric key AES
algorithms are employed to encrypt the data, then LSB steganography technique is used to embed
the encrypted data into the cover image. A combination of RSA algorithm and DCT with LSB
technique is proposed in [15], where the message is encrypted using RSA, then embedded using
DCT with LSB in digital media. Custom neural network is used for extracting the encrypted data.

The main aim of AES encryption/decryption process integrated with steganography is to offer a
high level of security with moderate capacity albeit the complexity added by such model. The
system would become robust against attacks if the security issue is properly tackled.

The proposed algorithm is based on DWT using colored digital images and AES encryption
techniques, whereas the similar algorithm has been proposed in [16] for gray images based on
Double Density Dual Tree (DD DT) DWT using AES and T-codes. However, although the
proposed algorithm in [16] offers a higher degree of security, the quality of the stego-image is still a
critical issue.

In this paper, the advanced encrypted standard (AES) cryptography technique is employed to
encrypt the secret message, and (DWT) steganography is used to embed the encrypted secret
message in the cover image, with utilizing the advantages of 24-bit RGB image as it is a cover
medium and using the pixel indicator technique (PIT) to embed the encrypted secret message in the
cover image which is proposed in [17]. The proposed method is evaluated by comparing it to other
four methods. It achieves higher Peak Signal to Noise Ratio (PSNR) values and makes a trade-off
between capacity and security. The rest of the paper is organized as follows; in section 2 the
proposed system is introduced, while section 3 presents and discusses the experimental results and
then, the paper is concluded in section 4.

2. PROPOSED SYSTEM

The main idea of the proposed algorithm is to combine both AES cryptography and DWT
steganography, with utilizing the advantages of 24-bit RGB images by using PIT. Next sub-sections
briefly introduce these techniques.

2.1 Two-Dimensional Haar-DWT

The operations of the two-dimensional Haar-DWT result of four different sub-bands are denoted as
LL, HL, LH and HH, as shown in Figure 1. These four sub-bands represent four sub-images of the
same size (M/2, N/2) that are obtained from an image of size (M, N) [9, 19], as shown in Figure 2.
Some information is obtained from these sub-bands (LL, HL, LH, HH), since the cover image
pixels are classified into less important and more important pixels [5]. According to this, the LL
sub-band is not used for embedding, since it contains vital information about the original image,
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and any changes in it will affect the quality of the image and can be easily noticed by the human eye
[20].

L1 LL1 HL1

Oxiginal Image — —

Hi LH1 HH1

Figure 1. The horizontal operation and the vertical operation of DWT.

Figure 2. The original image to the left and its DWT to the right.

2.2 Pixel Indicator Technique (PIT)

Pixel indicator technique was used for 24-bit RGB image steganography. The RGB channels of the
image are classified by this technique to be: the indicator, channel 1 and channel 2 in specified
order. The 2 LSBs of the indicator channel are used to specify the embedding of data in channel 1
and channel 2 [17]. Table 1 shows this technique. An improvement on this technique is proposed in
[20], where instead of embedding only 2 bits in the channel selected for the embedding, (1, 2 or 3)
bits can be embedded in that channel according to the number of zeros in the most significant part
MSB, where 1 bit is embedded if the number of zeros in the MSB is 0 or 4, 2 bits are embedded if
the number of zeros in the MSB is 2 and 3 bits are embedded if the number of zeros in the MSB is 1
or 3, as shown in Table 2. The proposed technique employs this method in the transform domain
instead of using it in the spatial domain to improve security.

2.3 The Embedding Process

As the proposed technique idea is derived from [17] and [21], some improvements should be
mentioned, where instead of embedding the secret text clearly, it is embedded after encrypting it by
the AES algorithm, then as an alternative of using the spatial domain of the cover image for hiding,
the transform domain is employed, and finally, the location of the indicator channel is not fixed,
where it depends on the transform band used for embedding.

In the proposed algorithm, the cover image is firstly separated into its RGB color components, then
the DWT is applied on each component separately. For the secret text message, the first step is to
encrypt it by the AES algorithm, and convert it into its binary representation. The next step is to
store its length to variable X and in the first 8 pixels of HL band in the Red channel. To improve
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security by using the PIT method, the indicator channel is variable. The indicators are chosen
according to the transform band that is used to embed the encrypted secret text in it. In the HL band,
the Red channel is the indicator. Green and Blue are channel one and channel two, respectively. In
the LH band, the Green channel is the indicator. Red and Blue are channel one and channel two,
respectively. In the HH band, the Blue channel is the indicator. Red is channel one and Green is
channel two.

Table 1. The relation between the indicator and other channels [17].

The 2 LSBs of the indicator | Channel 1 (green channel) | Channel 2 ( blue channel )
00 No hidden data No hidden data
01 No hidden data 2 bits of hidden data
10 2 bits of hidden data No hidden data
11 2 bits of hidden data 2 bits of hidden data

Table 2. The hiding process [21].

Number of zeros in the MSB LSB

b5 | b6 | b7 | b8

Oor4 x x | x v
2 X e v
lor3 x | v |v ]|V

The embedding process is started from pixel nine in the HL band of the Red channel. The
embedding of the encrypted secret message in the selected channel is executed by the hiding
process, as shown in Table 2. The sequence of the embedding algorithm is flowcharted in Figure 3.
The process is stopped when the secret message is completely embedded. When the embedding
process is completed, the inverse discrete wavelet transform (IDWT) is applied for each RGB
channel, then the RGB components are combined in order to obtain the stego-image.

2.4 The Extraction Process

The extraction process is flowcharted in Figure 4. When the secret text message is extracted, which
is in binary representation, it is converted into its character representation and decrypted by the AES
algorithm. The algorithm will stop based on the length of the secret message which is stored in the
first 8 bytes of the Red channel in the HL band.
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Figure 3. The embedding process flowchart.
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Figure 4. The extraction process flow chart.
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3. EXPERIMENTAL RESULTS

The proposed DWT-based image data hiding technique is implemented using Matlab. To evaluate
the performance of the proposed scheme, a number of different types of colored image formats
(BMP, JPEG and TIF) are tested. Peak signal to noise ratio PSNR is used for comparing the quality
of stego-images with the original images, the payload for embedding capacity and the histogram
have been shown to check the degradation of the quality of images. Further, some image processing
operations are applied to check robustness. However, the results of only three RGB over images are
included in this paper. In addition to that, the effect of increasing the embedded text size on the
PSNR and the mean square error MSE is also tested.

The employed images are colored images with a size of 1024x1024x3. Figures (5, 6 and 7) show
the original images and the stego-images after embedding an encrypted secret text with a size of
2120 bytes.

Figure 5. (a) cover-
image for (imagel)
with a size of
1024X1024x3

for (imagel) with a size
of 1024X1024x3

Figure 5. (b) stego-image

with a size of
1024X1024x3

Figure 6. (a) cover-
image for (image2)

Figure 6. (b) stego-
image for (image2)
with a size of
1024X1024x3

Figure 5. (a, b) show cover-image, stego-image
after embedding 2120 bytes inside (image 1)
picture by the proposed algorithm.

Figure 7. (a) cover-image

for (image3) with a size
of 1024X1024x3

Figure 6. (a, b) show cover-image, stego-image
after embedding 2120 bytes inside (image 2)
picture by the proposed algorithm.

Figure 7. (b) stego-

image for (image3) with
a size of 1024X1024x3

Figure 7. (a, b) show cover-image, stego-image after

embedding 2120 bytes inside (image 3) picture by
the proposed algorithm.
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The stego-images are looking intact, which means that the proposed algorithm provides high quality
of the stego-image. This can be measured with some tests. The PSNR test measures the image
quality by comparing the original image with the stego-image. PSNR can be obtained using
Equation 1 [22]. As a high level of security can be obtained for high PSNR values, the human eye
will not be able to discriminate between the original image and the stego-image, because the stego-
image will be very similar to the original cover image and the attacker would not detect the hidden
information. The PSNR values of the proposed system for different images are summarized in
Table 3, including a comparison with other ones that use 24-bit color images ([17] and [21]), which
are described briefly in section 2.3, in addition to [23] which includes an embedding process that
depends on calculating the number of zeros and ones in the (red) indicator channel, then obtaining
the absolute difference between them. The resulting value is used to determine the number of bits
that should be embedded in channel 1 and channel 2, as well as another technique called simple
DWT-based steganography, which embeds one bit of the secret text on each LSB of the pixels in
the high frequency bands (HL, LH, HH) of the cover image. Simple DWT is added for the
comparison purpose where it is not related to the specified work, however, it is related to similar
works such as [24]-[25].

PSNR = 10l0gy0 255 (dB 1
= 10l0g1 == (dB) (1)
The mean square error (MSE) is :
1 72 = \2
MSE = [NXN] L2 (x — &) )
where:
N is the image size;
Xj; represents the original image pixels;
Xi,— represents the stego-image pixels.
Table 3. The PSNR results.
Image Image Size | Gutub | Ghosal | Yazan | Simple Proposed Algorithm
etal. et al. etal. DWT based
171 | [23] [21] Steganography [gmp JPEG TIFF

Image | 1024x1024 | 57.73 | 56.29 | 57.94 74.1793 68.5244 | 68.0753 | 68.0791
1 X3

Image | 1024x1024 | 58.10 | 56.68 | 58.20 73.9965 64.6591 | 68.4558 | 68.4558
2 X3

Image | 1024x1024 | 57.90 | 57.02 | 57.93 74.0210 67.9923 | 67.6653 | 67.6653
3 X3

It can be noted from Table 3 that the proposed scheme showed better results for all image types
(BMP, JPEG and TIFF) when compared to the techniques in [17], [21] and [23], where it provides
higher PSNR values with an average difference equal to 8 dB approximately, which makes the
stego-image indistinguishable from the cover image, except the simple DWT-based steganography
which gives higher PSNR values than the proposed technique. However, this does not mean that it
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is better, because the embedding procedure for the simple DWT is very easy, where the secret text
can be obtained only by applying the DWT on the stego-image, then removing the 7left-most bits
from each byte, where that threatens its security. The proposed scheme gives better security,
because the steganography embedding procedure is difficult to be expected, in addition to that the
indicator is not the same in the three high frequency bands (HL, LH and HH). Also, in case of the
extraction of the embedded text, it becomes difficult to obtain the secret message due to high
security added by the AES algorithm. As a result, AES encryption technique provides higher quality
of the stego-image, but at the cost of higher complexity.

Table 4 shows the data load which can be embedded inside different loads of the images. It
represents the maximum amount of secret data in bytes which can be embedded in each image.

Table 4. The payload results.

Gutub et | Ghosal’s | Yazan et | Simple Proposed Algorithm
al,.. [17] | etal,.. al,.. [21] | DWT based
[23] Steganography | BMP JPEG TIFF
Image | Image Size _ _ _ __ __ __ __
Hiding Hiding Hiding Hiding Hiding Hiding Hiding
Capacity | Capacity | Capacity Capacity Capacity | Capacity | Capacity
(Bits) (Bits) (Bits) (Bits) (Bits) (Bits) (Bits)
Image | 1024x1024x3 | 1583486 | 1811022 | 1833746 2359272 485021 | 477122 | 477122
1
Image | 1024x1024x3 | 1575400 | 1869612 | 2087466 2359272 700158 | 655622 | 655622
2
Image | 1024x1024x3 | 1572370 | 1456352 | 1572900 2359272 649353 | 632528 | 632528
3

Table 4 presents the payload which is defined as “the maximum message size that can be embedded
subject to certain constraints” [26]. The proposed algorithm has been tested using three different
color image types (BMP, JPEG and TIFF). The hiding capacity is better in case of TIFF image than
in BMP or JPEG. It is obvious that all the other works give higher payloads than the proposed
algorithm. This is related to two reasons that are; using only three bands of the cover image (HL,
LH and HH), which means that 25% of the image is not used for the embedding process, as well as
using the PIT, where the indicator channel is not employed for hiding the secret message. However,
high PSNR values can compensate this restriction -which will be explained later- where a trade-off
between payload and PSNR is obtained, as shown in Figure 11, which resulted in high security with
moderate capacity.

The degradation of quality of images can also be visually noticed by applying the histogram
analysis that depends on the comparison between the cover image and the stego-image through the
statistical tool histogram shown in Figures (8-10) which present the histogram comparison between
the cover image and its corresponding stego-image, where the histograms are calculated for Red,
Green and Blue channels separately. It can be shown that there are no visual changes between the
original image histograms and the stego-image histograms that are detected, so that the proposed
scheme becomes superior to other schemes in terms of high degree of security with moderate
capacity.
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Figure 8. The histogram of the Red, Green and Blue channels of image 1. The upper part is for the
original image and the bottom one is for the stego-image.
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Figure 9. The histogram of the Red, Green and Blue channels of image 2. The upper part is
for the original image and the bottom one is for the stego-image.
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Figure 10. The histogram of the Red, Green and Blue channels of image 3. The upper part is for the
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Table 5. The PSNR in dB for image 1, image2 and image 3 after the attacks.

Image after Image Processing Operations
attack Addition of Radial blur Median blur
Gaussian noise
Image 1 20.2184 24.5519 22.1014
Image 2 20.4400 20.1862 21.9934
Image 3 20.5697 27.2037 21.7112

The effects of increasing the payload on the PSNR and MSE for image 1, image 2 and image 3 are
shown in Table 6 and represented in Figure 11 and Figure 12. The horizontal axis for Figure 11
shows the payload normalized to the value (2120 bytes) and the vertical axis shows the PSNR in
dB. The curve shows that a degradation of the PSNR values is obtained as the payload increases,
where the embedded text size is increased from 16960 bits to 200264 bits. For Figure 12, the
horizontal axis shows the payload normalized to the value (2120 bytes) and the vertical axis shows
the MSE.

It can be noticed that for image 1 in Table 3; algorithms in [17] and [21] give PSNR values which
are approximately equal to 58 dB for an embedded text size of 2120 bytes. The proposed algorithm
can embed approximately 5 times the value 2120 at the same PSNR (58 dB). Moreover, for the
algorithm in [23], it gives a PSNR value equal to 56.29 dB when the embedded text message is
2120 bytes, which is approximately the same value obtained by the proposed algorithm, but when
the size of the embedded text message is 9 times of 2120 bytes. This result shows the security of the
proposed system, since it maintains high PSNR values albeit of increasing the payload to the
maximum capacity, which means that the proposed algorithm is superior to other algorithms, where
it maintains high security in spite of using the maximum capacity of the cover image. Such
improvement in the proposed algorithm is due to employing the less significant bands in the DWT
of the cover image.

Table 6. The effects of increasing the payload on the PSNR and MSE for image 1, image 2 and

image 3.
Text Size Image 1 Image 2 Image 3
(Bits)
PSNR (dB) | MSE PSNR (dB) | MSE PSNR (dB) | MSE

16960 68.5244 0.0091 | 64.6591 0.0222 | 67.9923 0.0103
50288 62.8501 0.0337 | 59.3996 0.0747 | 63.2162 0.0310
83616 59.6919 0.0698 | 57.2645 0.1221 | 60.9395 0.0524
116944 57.2748 0.1218 | 55.4421 0.1857 | 59.4579 0.0737
150272 55.6721 0.1761 | 54.0982 0.2531 | 58.3095 0.0960
200264 53.9851 0.2598 | 52.8852 0.3346 | 56.7209 0.1384
266920 52.4574 0.3693 | 51.6802 0.4416 | 54.9500 0.2080
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4. CONCLUSION

In this paper, a combination between AES and DWT-based steganography with using PIT has been
proposed. The stego-images are looking similar to the cover images and have high PSNR values.
The histograms of the original images and stego-images have not shown visual changes. Therefore,
an unauthorized observer will not be conscious of the existence of the hidden message. The payload
that can be obtained by the proposed scheme is somewhat moderate with respect to other
techniques. Moreover, the proposed scheme achieves higher PSNR, in addition to that the trade-off
between payload and PSNR confirms the system security with good available capacity.
Comparative analysis between the proposed technique and other existing ones has shown the
superiority of the proposed technique from the perspective of providing high level of security with
moderate capacity. Also, the robustness of the system is verified by applying some attacks. Future
work would be directed towards building up special algorithms that improve both the security and
capacity as well as increasing PSNR.
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ABSTRACT

In this paper, a diamond shape pilot arrangement for OFDM channel estimation is investigated. Such
arrangement will decrease the number of pilots transmitted over the communication channel, which will
in turn increase data throughput while maintaining acceptable accuracy of the channel estimation. The
adaptive antenna array (AAA) is combined with orthogonal frequency division multiplexing (OFDM) to
combat the intersymbol interference (ISI) and the directional interferences.

In this paper, The optimum beamformer weight set is obtained based on minimum bit error rate (MBER)
criteria in diamond-type pilot-assisted in 3GPP long term evolution (LTE) OFDM systems under
multipath fading channel. The simulation results show that the quadrature phase shift keying signaling
based on MBER technique utilizes the antenna array elements more intelligently than the standard
minimum mean square error (MMSE) technique.

KEYWORDS
MBER beamforming, OFDM systems, Pre-FFT, Diamond shape pilot, 3GPP, LTE.

1. INTRODUCTION

Orthogonal Frequency Division Multiplexing (OFDM) is considered an efficient technique for
high speed digital transmission over severe multipath fading channels, where the delay spread is
larger than the symbol duration. When the inserting guard time is longer than the delay spread
of the channel, this makes the system robust against inter-symbol interference (ISI). In addition
to that, channel estimation and compensation can be achieved by inserting known pilot symbols
between data symbols [1]-[3].

Over the past few years, Adaptive Antenna Array (AAA) has gained much attention due to its
ability to increase the performance of wireless communication systems, in terms of spectrum
efficiency, network scalability and operation reliability. Antenna arrays can mitigate the effect
of ISl and relax the design of channel equalizer [2].

Adaptive beamforming can separate transmitted signals on the same carrier frequency, provided
that they are separated in the spatial domain. The beamforming processing combines the signals
received by the different elements of an antenna array to form a single output. The adapted
weight set of each element of the antenna array is obtained by the processor, achieving certain
criteria to suppress the co-channel interference; thus improving coverage quality.

For a communication system, it is the achievable bit-error rate (BER), not the MSE
performance, that really matters. Ideally, the system design should be based directly on
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minimizing the BER, rather than the MSE. It is demonstrated in Ref. [3] that the MBER
solution utilizes the array weights more intelligently than the MMSE approach.

One of the two main techniques which are used in OFDM systems is called Pre-FFT, where an
optimum beamformer weight set is obtained in time domain before Fast Fourier Transform (Pre-
FFT). The main motivation behind Pre-FFT scheme is reducing the cost due to FFT processing
[1]-[7]. The weight obtained for each pilot subcarrier can be identically applied on all data
subcarriers in the same OFDM symbol; thereby reducing the number of frequency domain
narrow-band beamformers. Post FFT is not always better in performance than pre-FFT [2]-[3].
In [4], a pre-FFT least mean square (LMS) beamforming for OFDM systems was analyzed in
additive Gaussian noise channel. An adaptive MBER beamforming was analyzed in [4] for
single carrier modulation and in [2] for OFDM systems in additive Gaussian noise channel. A
class of MBER algorithms were studied in [8] and combined with space time coding in [9].
Eigenvector combining was considered in [8]. MIMO MBER beamforming for OFDM was
studied in [5]. A block by block post-FFT multistage beamforming was considered in [4].

In [1]-[2], the MMSE and MBER beamformers for Pre-FFT OFDM are presented, respectively,
without investigating several factors affecting performance. The channel is assumed to be non-
dispersive with additive Gaussian noise, which is not a practical channel.

Since new wireless standards, such as IEEE 802.11 and 802.16, use the pilot subcarriers in their
structures, our focus in this paper will be given to suppress co-channel interference and mitigate
the multipath interference in pilot-assisted OFDM systems.

In [3], the MMSE beamforming algorithm for Pre-FFT OFDM system is applied on a channel
assumed to be frequency selective fading. A recent work [5]-[6] has suggested an adaptive
MBER beamforming assisted receiver for binary phase shift keying OFDM communication
systems. This paper first presents a novel beamforming technique based directly on minimizing
the system's BER for broadband OFDM wireless systems with quadrature phase shift keying
(QPSK) modulation. The main contribution in this paper is to show that the diamond type pilot
aided channel estimation has better performance when the channel is time-variant and the
reduced number of pilot increases efficiency. The paper is an extension to [2] with an improved
channel estimator and the performance results are more applicable to 3GPP-LTE.

This paper is organized as follows: Section 2 describes the LTE pilot structure. Section 3
describes the Pre-FFT adaptive beamforming based on MMSE criteria. In Section 4, Pre-FFT
adaptive beamforming based on MBER criteria is introduced. Sections 5 and 6 clarify the
computational complexity and the convergence rate for the simulated system, respectively.
System specification is shown in section 7. In section 8, simulation results are provided. Finally,
conclusions and possible directions for future work are presented in section 9.

2.LTE PILOT STRUCTURES

As indicated earlier, wireless standards, such as IEEE 802.11 and 802.16, use the pilot
subcarriers in their structures. This pilot signal is used to measure the channel quality and
perform channel estimation at the end-user side. There are several types of pilot structures:
Block-type pilot, Comb-Type pilot and Diamond-type pilot. In Table 1, we present a quick
comparison between the system specifications for Block-type pilot [14] and Diamond-type pilot
simulated in this paper:

In this paper, we research further the time domain MBER and LMS channel estimation based on
diamond-type pilot structure. The aim is to achieve better performance and fewer computations
and at the same time increase spectral efficiency and throughput by using less number of pilot
signals.
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Table 1. Simulation system specifications for Block and Diamond type Pilot.

Block-type Pilot Diamond-type Pilot

6

Cluster Size 4 (As shown in Figure 1)

Subcarrier 64,128,256, 512 60, 120, 300, 600

Number Pilot
= (Subcarrier + 16,32 ,64,128 10, 20,50, 100
Cluster Size)

Figure 1 shows an example of the pilot pattern in every RB of a subframe at the first antenna
port, but the location may be shifted in frequency domain for different subframes [10].

Antenna Port O

> A
(8]
[
(0]
=}
o
o
L R, R,
R, R,
R, R,
Rq R,
0 6 0 6
<Even-numbered slotg ¢ 0dd-numbered slotg

Time
|:| Reference signal |:| Data signal

Figure 1. Pilot locations for the first transmit antenna in the 3GPP-LTE system [10].

Consider M-users, where each user transmits a QPSK signal and the OFDM system uses K
subcarriers for parallel transmission [2]. The sample modulated by the k™ subcarrier of the m™

user is given by:
x,(K)=b,(k) 1<m<M  1<k<K (1)

whereb,, (k) € {+1+ j} are QPSK symbols. Source 1 is assumed to be the desired user and the

rest of the sources are the interfering users. This data can be interpreted to be a frequency-
domain data and subsequently converted into a time-domain signal by an IFFT operation. This

process can be written as:

FHx 1<m<M 2)
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where,
Vi =Y @, Yin s Y ()] 3)
1 1
—j2x(1)) j2r()(K-1)
1 K K
F=. ° : - ° : (4)
T Cjerkn@ 27 (K-1)(K-1)
1 e K e K
Xy = [Xm @) Xy (), - oo Xy (K] (5)

F is representing the FFT operation matrix and H denotes the Hermitian transpose of a matrix.
To add the CP, y,,is cyclically extended to generate y,, by inserting the last v element of y,, at

its beginning; i.e.,

ym :|:JV:|ym (6)

IK
where J, contains the last v rows of a size K identity matrix I .

Finally, the OFDM time signals are transformed to the analog format by a D/A converter prior

to transmission. A multipath channel with a maximum of L paths exists between the m™ source
(desired or interference) and the array in the form of:

L-1
ey (k) = e 5(k 1) m=1---,M 7)
1=0

where «a,,, denotes a complex random number representing the 1™ channel coefficient for the

m™" source and 8(.) is the delta function.

Figure 2 illustrates the architecture of Pre-FFT beamforming at the receiver of an OFDM
system, where CP is assumed to be longer than the channel length (v > L); thus, received signal
on the p" antenna of a Uniform Linear Array (ULA) for one OFDM symbol can be written as:

M L-1 2
~ —j—(p-1dcos@y,)
() =23 et I (k+v—De N (8)
m=1 I=0
1<p<P 1<k <K

where, 7, (k) represents the channel noise entering the p™" antenna. 6., denotes the direction of

arrival (DOA) of the I™ path and m™ source. Without loss of generality, we have assumed that
the channels of all sources have the same length L. At the receiver, the converted digital signal
with a spatial phase for each array element is multiplied by the weight (w,) of adaptive
beamformer and then transformed back into frequency-domain (data and pilot) symbols by the
FFT. This process can be written as:

Z(k)=W"-R ©))
W=[ww, --wp] (10)
R(K) =[ru(K)ra(k) ---r, (KT (11)
Z=[z0)z(2) ---z(K)] (12)

2=Z-F (13)
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where Z is the frequency-domain data, which is given by:
7 =[2Q),2(2),....2(K)[ (14)

and (k) denotes the corresponding received sample at the k™ subcarrier .

Array 1

r, (k)
E Down convert }—»' A/D

Array 2

)
i& Down convert }—»' A/D

An;ay P

FFT

o (k)

Down convert }—»l A/ID

Spatial Weigth control
and Update

Figure 2. Block diagram of the Pre-FFT OFDM adaptive receiver [1].

The estimate of the transmitted bit b; (k) is given by:
b =41+,  (Z.(k))=and (2, (k)) >0,
- b2 =—1+j,  (2s(k))<Oand (2, (k))>0,
B =—1— §, (2..(K)) < 0and (2, (k) <O,
b') =+1—j,  (Zs.(k))=0and (2,,(k)) <0,

(15)

where Bi (k) is the k™ symbol of user i, which takes values from a QPSK symbol set shown in

equation (15), (Zz,(k)) denotes the real part of Z(k)and (Z,,(k)) denotes the imaginary part
of 2(k).

3. ADAPTIVE BEAMFORMING FOR PRE-FFT OFDM SYSTEM

Implementing MMSE Beamforming using LMS adaptive algorithm is done by comparing the
received pilot symbols with their known values, so that an error signal is generated at the
receiver [1]-[2]. Since this error signal is in frequency domain while Pre-FFT weights are
updated in time domain, the frequency-domain error signal must be converted into time domain.

If there are a total of Q pilot symbols in every OFDM symbol, then we define two K x1 vectors
dg and Zq, such that the k™ element of dg is zero if k is a data subcarrier and is the known pilot

value if k is a pilot subcarrier.

Similarly, the k™ element of Z, is zero if the k is a data subcarrier and is the received pilot value
if k is a pilot subcarrier. Therefore, the error signal in frequency domain is given by:

Eq=dq—Z4. (16)
This error signal must be converted into time domain for the Pre-FFT weight adjustment

algorithm. Therefore,

é:%FHEq (17)

where e is the vector of error samples in time domain.
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e=[ee@) ---e(K)" . (18)

Consequently, the Pre-FFT weights are updated using the following Least Mean Squares (LMS)
algorithm [1]-[2].

W (k) =W (k 1) +24-r(k)-e" (k)

19
1<k<K 19)

where p is the step size parameter, and = represents the complex conjugate. The last update at
the end of each OFDM block (W (K)) is used as the initial value of the next block.

4. MBER-BASED BEAMFORMING ALGORITHMS

In this section, Pre-FFT adaptive beamforming based on MBER criteria is introduced to obtain
the optimum weight set. The theoretical MBER solution for the Pre-FFT OFDM beamformer is
obtained in [1]-[2], [17] where the channel is assumed to be non-dispersive with additive white
Gaussian noise. The error probability (BER cost function) of the frequency domain signal of the
beamformer is given by:

P= (W) = Prob{sgn(b; (k)Real (2(k)) < O} (20)
where sgn(-) is the sign function.
From equation (20), define the signed decision variable
Z (k) =sgn(by (k))Re(z(k))

=sgn(by (k))Re(Z'(k)) +7'(k) )
where,
2'(k) =W " [F (k) - (K)]F (k) (22)
and
n'(k) = sgn(by (K)ReW " (k) F (k) (23)

2,(k) is a very good error indicator for the binary decision; i.e., if it is positive, then the

decision is correct, else if it is negative, then an error occurred. F(K) is the ,,7¢ky k™ column

of F. Notice that F is a unitary matrix, so is still Gaussian with zero mean and variance
2 H

on W7W .

Obviously, the two marginal conditional p.d.f.s for zg.(k) andz,,(k)are Gaussian mixtures.
Define

Pe i W ) = prob(Bym (K)) # by (K)) , B, (K) = Bre o (K) + B, (K) and

b, (k) = bge, (k) + jb,,, (k) . Obviously, the two marginal conditional p.d.f.s are for z. (k)
andz,, (k).

The BER of the beanformer for equation (20) is:

P W) = (Pe (W )+ P (W), @4

The MBER beamforming solution is defined as:
W =arg mVJnPE(\N). (25)
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The gradient of Pg(w) with respect to w is:

1
VPe W) :E(VPE,Re(\N )+ VPeg im W)) . (26)
Given the gradient, the optimization problem (26) can be solved for interactively using the
simplified conjugated gradient algorithm, which is detailed in [4], [14].
The conditional probability density function (pdf), given the channel coefficients «,,, of the

error indicator, 7, (k) , is a mixed of Gaussian distributions [3]; i.e.,
1

P (2)=———F—.
K270, (W HW 27)

K 5 51 2
(25 —sgn(by (K))Re(Zg (k)
ZeXp(_ 2a§1w How )

And it is the best indicator of a beamformer's BER performance deriving a closed form for the
average error probability is not easy. Therefore, we use the gradient conditional error
probability to update the weight vector. The conditional error probability, given the channel

coefficients «,, of the beamformer P:(W ), is given in [3].

1
W) = .
) e, W -
K o uZ
;LM exp(——)du
K
PeW) === > QU)W )+ Qo ) (29)
k=1
where Q(-) is the Gaussain error function and is given by:
QW) - = exp(-L e (30)
- \/g u p 2 y
a9 w )= sgn(by (K))(Zge (k) (31)
o, W W

o, W W

Based on the definition, the gradient of P- (W ) with respectto W is:

k)
VPEW)=s——F—— Xp(—
- K \/Eamlw w Z 0B W (33)
Re(Z'(k))W _
-sgn(by (k) W—Ar(k))

In an OFDM system, it is assumed that there are pilot signals in every symbol to do channel
estimation [1]-[2]. The pilot signals are also used to adaptive update of the weight vector of the
beamformer. The transmitted pilot signal vector of desired user %, and the received pilot signal

vector Ep in frequency domain can be written as follows:

% =[%1).0...%(4p+1),0,.. % (K, ~1)Ap +1),0,..] (34)
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2, =[2(D,0..,2(Ap +1),0,..2(K, ~D)Ap +1),0,..]

-wHr
=W"RF,
where
10 - 1 1 0---
—j2z@)ap)/K . omi2r@(Kp-DAp/K o
Fp=|1 g e ¢ “ 8 (35)
10 - e—szz(K—l)(Ap)/K'“e*jz”(Kfl)(Kpfl)AP/K0.__

R=[F()F(2) ---F(K)], apand K, represents the frequency spacing between consecutive

pilot symbols and the number of pilot symbols inserted in OFDM symbol, respectively. We
assume that the first pilot symbol is positioned at the first sub-channel.

The method of approximating a conditional pdf, known as a kernel density or Parzen window-
based estimate [7]-[8], is used to estimate the conditional error probability given that the
channel coefficients «, is used on OFDM systems. Given a symbol of K, training

samples {F(k),bl(k)}, a kernel density estimate of the conditional pdf given the channel
coefficients «,, at pilot locations, is given by:

—(k
p(2) = er p[|z Z\IZ\I(HUVJ (36)

where the kernel width p, is related to the noise standard deviation o, .From this estimated
p.d.f., the estimated BER is given by:

Pe(W) = Z(Q(géfe’(vv» +Q(gfr W) (37)
P k=1
where
6OW) = $gN(Dgey (k x A +1))Re(W " RF, (k x Ap +1) (38)
p W W
and
50W) = SON(O; 1 (k x Ap + 1)) IMW ¥ RF, (k x Ap +1)) (39)
p,IW W

Fo(kxAp+1)is the (kxAp+1)" column of F, . From this estimated conditional pdf, given the
channel coefficients «,,,, the gradient of the estimated BER is given by [3]:

VP peW) =

z p( ZRe(k)
2K \/Zp,ﬂ/vv w & 2w (40)

p,1s related to the standard deviation o, of the channel noise. From this estimated pdf, the
gradient of the estimated BER is given by [1]:
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(Re(Z(k x Ap +1)))?
VF, e B
R JWZ P (41)
xsgn(by (k x Ap + 1)) RF, (K x Ap +1)
. 1 Kp 22 (K)
PeimW) = Im
VFem W)= 2K )27 p, W H sz; p(2p,§w“w) (42)

x Sgﬂ(b|m,1(k))(W'T.W ~RF(K)

For each OFDM symbol, we can find the optimum weight vector W by the steepest-descent
gradient algorithm [3]:

VP W, k) =

—(3 X 2
[ 50N (b (k x Ap)) exp(—rekK X AP +1)7,

1
42rp, ' 2p;
~ (K x2p 1)
2,02

n

(43)

+ jsgn(b, 1 (k x Ap)) exp( x RF, (k x Ap +1))

That is to say, W weight vector can be updated Ky times in one OFDM symbol. Thus,
complexity is reduced and consequently, the update equation is given by:

W (K +1) =W + 2(~VPg (W (K), k) (44)
¢ =WHk+1)R, (45)
P =As (46)

where s, is the steering vector and A, is power of desired user.

W (k+1) =2 W(k+1). (47)

|1|

We assume a perfect P1 at receiver and known arrival direction of the desired user. It is shown
in ref. [15] that the steering vector sl should be known at the receiver, because the
beamformer’s output consists of: (the desired signal + residual interference) , the steering
vector s1 determines the desired signal. Also it is indicated that QPSK case is different from
BPSK case in which the receiver does not require the steering vector of the desired user to make
a decision.

The proposed MBER algorithm is summarized in Table 2, this algorithm is composed of two
main loops. The outer loop is for each symbol of data and the inner loop is repeated over the
same symbol of data until certain number of iterations is reached. In the main loop, we
formulate a symbol of data (300 bits) from the output of the antenna array. In the inner loop the
gradient vector is determine from (43) at pilot locations (Np =50). Then, we compute the weight
update vector from (44). After the end of the inner loop, we determine the detected signal by
multiplying the computed optimized weight vector with the received signal in order to use it in
calculating the BER the last update at the end of each OFDM block W (k) which used as an
initial value in the next symbol. Then, we get back to the main loop and form another symbol
of data and so on. These processes iterate until we finish all the incoming data.

5. COMPUTATIONAL COMPLEXITY

In this section, we compare the two algorithms in terms of computational complexity [4]. Table
3 illustrates the computational complexity of pre-weight update to complete a single iteration;
i.e., detecting one bit. The proposed MBER maintains the linearity in complexity.
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Table 2. MBER algorithm summary.

Initialization
i=1u=.01size K =300,K, =50.

e Calculate variance of noise o, , p,, .

e Initial weight vector w =.01xones(N,,1) -
Outer loop (1: floor (all bits/symbal))

e Form a symbol of data from the received signals.
Inner loop (while k < Kp)

o Calculate the gradient matrix over the symbol
in eqn. (43).
e  Update the weight matrix as:
Wk +1) =W (K) + u(-VPz W (k), w)) .
* P =As ¢ =W"k+)R , where c, isreal and positive.

W (k+1) = lc—llw (k +1) , the rotating operation.
Gy

e Normalize the solution
W (k+1) =W (K +1) /||\/v (k +1)||.
e end of inner loop
e Determine the detected signals in order to be used for calculating the BER.
e Increment the symbol number.
e end of outer loop

Table 3. Comparison of computational complexity pre-weight update.

Multiplications | additions exp(*)
evaluation
MBER 4xP+4 4xP-1 1

MMSE 8xP+2 8xP-1 -

6. CONVERGENCE RATE

In this section, we run the algorithm of the MBER for 400 samples limited to 1 and 11
iterations. The results are shown in Figure 11, where we can see that the proposed algorithm
converges very fast to the optimal solution (after one iteration only).

Figure 9 and Figure 10 illustrate the convergence performance of LMS based on MMSE Pre-
FFT beamformer. The optimum weights and steady state MSE performance, respectively, can
be obtained under the same conditions after about 200 OFDM symbols.

The figures resulting from the simulation show that shorter training symbols and less
computational complexity OFDM symbols are required in the MBER Pre-FFT beamformer
algorithm and the MBER algorithm converges faster than MMSE.

7. SYSTEM SPECIFICATION

In this paper, we follow the specification of 3GPP-LTE Release 8 [10]-[11] to perform the
analysis, simulation and implementation. The 3GPP-LTE supports a maximum 512-point FFT
size at 10-MHz bandwidth and has six antenna elements and half-wavelength spacing. The
general shape of the diamond shape pilot signal was shown in Figure 1.
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8. SIMULATION RESULTS

In this section, the simulation is performed to illustrate and compare the performances of Pre-
FFT beamformer using different MBER-based algorithms. 300 subcarriers (50 + 250) are used.
The OFDM system is perfectly synchronized with a CP length larger than the channel length
(v=16). QPSK modulation is used in the system with six antenna elements and half-wavelength
spacing. The example used in our computer simulation study considers one desired user with
DOA at 90° and two interferers with SIR=-3dB and 0dB, respectively and DOA 50°and 140°.
We further assumed channels with different lengths and with real coefficients

0.8935,0.0957,0.0107 and 0 for all sources and with an angle spread of +15°(for all sources)
[12].

Figure 3 and Figure 4 compare the BER performance of the MBER beamformer with that of the
MMSE beamformer for SIR= -3dB and 0dB, respectively with AWGN. Figure 5 and Figure 6
compare the BER performance against SNR for the LMS and MBER beamformers for the case
that the number of elements is 6 under selective fading channel. It is observed that the BER
performance of the MBER beamformer is better than that of the LMS. Figure 7 and Figure 8 for
different channel real coefficients illustrates the beam pattern of the LMS, MBER and
beamformers for Pre-FFT OFDM adaptive antenna array when the number of antenna elements
is 6, respectively. It shows that the MBER Pre-FFT beamformer has lower sidelobe levels and
deeper nulls.

It is observed that the beam pattern performance of the MBER beamformer is better than that of
the LMS beamformer. Note that the LMS beamformer appears to have a better amplitude
response than the MBER beamformer. If the amplitude response alone would constitute the
ultimate performance criterion of a beamformer, the MMSE beamformer would appear to be
more beneficial. However, considering the magnitude alone can be misleading. It is shown in
[3] in detail that the MBER solution has a better ability to cancel interfering signals.

Figure 9 shows that regarding the convergence performance of LMS based on MMSE Pre-FFT
beamformer, we can see that after about 400 OFDM symbols we still don’t have convergence.
Figure 10 shows that we still have mean square errors even after 400 OFDM symbols. As we
note from Figure 11, the optimum weights and steady state MSE performance, respectively, can
be obtained under the same conditions after about 5 OFDM symbols which results in much
fewer calculations to reach convergence. For the simulation, shorter training OFDM symbols
are required in the MBER Pre-FFT beamformer algorithm.

4 BER vs SNR at SIR=0dB LTE
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Figure 3. Comparison of the bit error performance.
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Figure 11. Convergence of the MBER beamforming to obtain the optimum weights on the Pre-
FFT performance.

9. CONCLUSIONS AND FUTURE WORK

In this paper, BER performance is compared against the iteration index during adaptive
implementation, SNR, beam pattern. When applying on LTE, simulation results show that better
efficiency is achieved, because fewer pilots are used and as a result more data is transmitted.
Also, the use of MBER resulted in quick conversion compared to MMSE. The proposed MBER
yields a much better convergence speed while maintaining quadratic complexity. A proposed
extension to this work would be to investigate the use of other modulation techniques, such as
16 QAM or 32 QAM, with a diamond shape pilot for different types of communication
channels.
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ABSTRACT

Research on Arabic Natural Language Processing (NLP) is facing a lot of problems due to language
complexity, lack of machine readable resources and lack of interest among Arab researchers. One of the
fields that research has started to appear in is the field of Question Answering. Although some research has
been done in this area, few have proved to be effective in producing exact relevant answers. One of the issues
that affected the accuracy of producing correct answers is proper tagging of entities and proper analysis of a
user’s question. In this research, a set of 60+ tagging rules, 15+ Question Analysis rules and 20+ Question
Patterns were built to enhance the answer generation of Natural Language Questions posed over some
corpora collected from different sources. A QA system was built and experiments showed good results with an
accuracy of 78%, a recall of 97% and an F-Measure of 87%.

KEYWORDS
Arabic; Question Answering; Question Analysis; Tagging, NLP.

1. INTRODUCTION

After the computer revolution and the rapid spread of computer usage around the world, many
researches were conducted in the field of Natural Language Processing (NLP) toward providing a
better and easier way of interaction and usage of computers and their applications by different
users; especially, naive ones. For this, we started to see different applications covering many
language computing fields like Stemming, Information Retrieval (IR), Information Extraction (IE),
Question Answering (QA), Text Classification and Categorization (TC), Machine Translation
(MT), among many others. Such research, at the beginning of the era, was mainly conducted using
Latin-based languages; especially English, which has formulated the foundation for interfaces with
computers.

With the increased volume of information stored in computers; especially databases and recently
the Web, people started to look for different ways to help in extracting needed information from
different sources of data through expressing their requests in their own daily used natural languages
without any technical experience or knowledge. For this, different search engines have started to
appear, enabling users to look for information on the web using different Information Retrieval
tools.

When one poses a question to a search engine, then based on query words, one might get either too
little or too much of documents as a result to his/her query and thus need to dig more into the results
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to obtain proper answers he/she is looking for; which might become more time consuming.
Obtained results are even sometimes far away from whatever actually needed and hence
disappointing. Such disappointment is related mainly to the IR algorithm used by the search
engine(s) in retrieving only possible relevant documents; rather than exact answers we are looking
for. The concept of Question Answering came as a rescue to solve such a problem.

As defined by [1], Question Answering (QA) is: “the task to automatically providing an answer for
a question posed by a human in natural languages”. Unlike IR systems, QA systems seek to obtain
an Exact Answer to a given question from a list of documents rather than to have an answer being
represented as a list of relevant documents; as is the case with search engines. For most of existing
QA systems today, results have not always been satisfactory to the users; especially, for the case of
Arabic. However, to obtain an exact result of a query, a more detailed process has to be carried on
from the point of posing a query to the point of obtaining a requested answer.

Many Question Answering Systems have started to appear in the early 1960s by introducing
systems that can be used to extract information from databases using English [2]. Since then, more
systems have started to appear, like ([3]-[5]). A recent survey of versatile question answering
systems was given by [6]. Research on enhancing the results of QA systems was also developed

([71-[10D).

Research in the field of Arabic Natural Language Processing (ANLP); especially the field of
Question Answering, has lagged behind research in its counterpart Latin-based languages due to
many reasons. The complexity of Arabic language itself, the lack of support for Arabic by
computers in the early history of computers and the fact that most of the Arabic content on the web
at early stages of the digital era was in non-searchable image format are some of such reasons.
Furthermore, the lack of standardized machine readable resources, as well as the lack of researchers
and/or users who are willing and interested in working with Arabic have made it more difficult to
conduct research in the field of Arabic NLP. Regardless of this, many researches in the field of
Arabic Question Answering (AQA) have started to appear. Some of the developed systems were
AQAS [11], QARAB [12], ArabiQA [13], QArabPro [14], AQuASYs [15], QAAMRE@ CLEF [16],
among many more.

As the public would say: “Understanding a question is almost half the answer” and since computer
systems did not reach that level of intelligence to be able to understand questions properly by
themselves, more research in the field of question analysis and understanding are still needed to
construct proper answers to posed question(s) by the user(s).

To conduct this research, the researcher has heavily searched the literature for Question Analysis
and understanding rules and found out that only very few researchers built a very little number of
such rules; a maximum of five rules were found in [14]. In this research and to enhance the
accuracy of answer generation, the researcher built more than 15+ detailed Question Analysis rules
that are completely different from those available in the literature, combined with 60+ tagging rules
and 20+ question patterns. This, as well as the lack of research in Arabic Question Answering,
constituted the main contribution and objective behind this research. Since the majority of Arabic
QA systems are rule-based, the researcher has adopted this approach in this research as well.
Further enhancement of the existing rules as well as building new other rules constitute a future
work.

2. RELATED STUDIES

There are different categorizations of QA systems in existence today, depending mainly on what,
how and where from the QA system is trying to answer the question(s). Question Answering
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systems that are looking only for facts or definitions are called Factoid or Definitional QA Systems
[1]. Systems that are looking for a more detailed answer beyond a fact or a definition are called
Non-Factoid or Passage Retrieval Systems as also indicated by [17], or even sometimes called List
QA Systems [18]. Systems that are looking for a reason or an explanation to some happening, are
called Why-QA Systems.

As for the domain being searched, QA systems that deal with limited domains are said to be of
Restricted Domain in comparison to Open Domain QA systems that deal with a non-restricted open
domain text; like the Internet. Non-restricted open domain QA systems are sometimes referred to as
Web-based QA systems. Furthermore, systems might deal with either structured or unstructured
sources of data. For structured data, the system would be an interface to a database; as the data
would be stored into a database. On the other hand, unstructured data does not have a uniform
structure and thus cannot be stored into a database ([18]-[19]). Such systems constitute the majority
of today’s developed QA systems due to advances in NLP tools that would enable better
Information Retrieval capabilities. In addition, there are some types of QA systems that look only
for Yes/No answers, like [20]. Other QA systems could also be categorized as either Shallow or
Deep QA systems, depending on how much semantic and/or syntactic analysis is being performed
to obtain the answer [21].

Another categorization of QA systems is given by [19]. This categorization is based on the methods
used for the extraction of the answer. Information Retrieval/Extraction methods would give the first
category of QA systems to refer to Web-based and IR/IE-based QA systems. The second category
refers to systems that use reasoning in the extraction of the answer. This type of category would
refer to Domain-oriented QA systems and Rule-based QA systems. Table 1 gives such
characterization of QA System types.

Table 1. Characterization of QA systems [19].

Dimensions QA Systems based on NLP and IR | QA Systems Reasoning with NLP

Technique Synt_ax processing, N_amed Er_wtity Semantic analysis or high reasoning
tagging and Information Retrieval

Data Resource | Free text documents Knowledge base

Domain Domain Independent Domain-oriented

Responses Extracted Snippets Synthesized responses

Questions Dealt
with

Mostly Wh- type of questions Beyond the Wh- type of questions

Evaluations Use existing Information Retrieval N/A

Most of Arabic QA systems are of either Factoid or definitional type looking for short answers.
Very few have managed to deal with Why and How (much/many/to) types of questions. Examples
of such Arabic QA Systems are that of [14], [22] and [18]. Table 2 gives a very good comparison
between some of the existing Arabic Question Answering Systems given by [18].

The first Arabic Question Answering System was introduced by [11] and was called AQAS. The
AQAS system is a knowledge-based QA system that extracts answers from structured data stored
into a Database. The authors of AQAS did not report any testing or evaluation results for their
system, so no one could give any advantages or disadvantages of such system.

According to [1], there was no work performed on Arabic Question Answering from 1993 until
2002, when [12] introduced a rule-based Factoid QA system for Arabic called QARAB which deals
with unstructured data from documents collected from Al-Raya Newspaper with 113 Factoid
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questions fed into the system. However, QARAB did not handle the two types of questions «—S
"3 (How and Why), because they require long and complex processing.

In 2006, [23] introduced an ongoing implementation of a Factoid Arabic QA system that was used
for the purposes of QA tracks in the Cross Language Evaluation Forum (CLEF) and Text Retrieval
Conference (TREC) competitions. In their paper, the authors have only introduced partially
implemented modules of the system in which the Named Entity Recognition (NER) module as well
as a Java Information Retrieval System (JIRS) module were embedded. However, this system was
completed and introduced later on by [24], in which the effect of correctly identifying a Named
Entity (NE) to produce correct answers is emphasized.

Table 2. A comparison between some existing Arabic QA systems ([18]).

Main Features QARAB |ArabiQA |ArQA |QASAL |AQuASys JAWEB
\Web-based system X X x x X N
Retrieves answers from a corpus v N vV v N N
Retrieves answers from the web X X X X X X
Natural language processing tools N X N N N} N}
Named entity recognition X v v v X X
Answers factoid questions x N N N} N v
Answers open domain questions X N X N \ v
Supports multiple languages X X X x X x
Supports Arabic language N N N N N N
Provides short answers block v N N N N N
Measures answer precision - \ N - v N
Measures answer recall - v N v v N

A Factoid and Definitional Arabic Question Answering system called QASAL was introduced by
[25]. The authors have used NooJ platform and local grammars to help in obtaining the right
answers. For the Factoid questions, authors have used the collection of Tunisian books as a corpus.
However, for the definitional type of questions, the authors used the Arabic version of Google
search engine as a web resource to look for Arabic documents with 43 definition questions.
According to the authors, 94% accuracy for definitional questions was obtained.

An Arabic QA system (QAS) to answer short Factoid questions in Arabic was described by [26].
The authors based their testing on a collection consisting of 25 manually collected documents that
were gathered from the web in addition to some relevant documents that were provided by the
authors applying 12 questions to the set. Authors reported different recall levels of {0, 10 and
20%}%, where the interpolated precision was equal to 100% and at recall levels 90 and 100% to be
equal to 43%. As is the case with QARAB, QAS did not handle the “")3! «2£” (How and Why)
types of questions due to the complex processing needed.

An Arabic Definition Question Answering system named DefArabicQA was introduced by [27].
This system answers questions of the form “What is X?” with the web as the data source. The
authors claim that their system provides effective and exact answers to definition questions
expressed in Arabic using little linguistic analysis and language understanding capabilities. To
evaluate their system, two experiments were conducted with Google only as a web source in the
first experiment and Google coupled with Wikipedia as the web source for the second experiment.
The experiments reported a Mean Reciprocal Rank (MRR) score of 0.7 and a question rate of 0.54
for the first experiment and an MRR score of 0.81 and a question rate of 0.64 for the second.
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A rule-based Question Answering System for Arabic called QArabPro was developed by [14]. The
system performs reading comprehension texts and tries to answer questions posed upon such texts.
QArabPro assumes that the answer must exist within one of the documents that were used as a
corpus. The authors claim that they have answered all types of questions including the “al ¢aS”
How (much/many) and Why types in contrast to other existing QA systems that avoided such types
of questions due to their complexity. To test their system, they used a set of documents that were
collected from Wikipedia with 75 documents and 335 questions. According to the authors, the
claimed results were of 93% Precision, an 86% Recall and an F-measure of 89%. Obtained test
results showed an overall accuracy for “s<” (How much/many) of 69% and 62% for “I3W}” (Why)
questions that were handled. However, QArabPro did not handle “—&5” (How) type of questions.

In [15], a Factoid Arabic QA system named AQuASYys was developed. A Factoid natural extension
to AQUASys with a web interface and an extended corpus was built by [18] which the authors
called JAWEB.

A Question Answering System called IDRAAQ was developed in [28] in the framework of the
main task of Question Answering for Machine Reading Evaluation (QAAMRE@CLEF2012).This
system was based on keywords and structure levels through query expansion and Distance Density
N-gram model-based passage retrieval to improve the results of the system. According to the
authors, IDRAAQ has obtained promising results with the QA4AMRE framework; especially with
Factoid type of questions.

In the QAAMRE@CLEF2012 framework, a work on Arabic Question Answering was given by
[16]. According to the authors, the work of [16] has obtained an accuracy of 0.19 with very little
of reasoning and inference; an issue requested in analyzing and understanding documents for this
framework.

An Arabic Language Question Answering Selection In Machines called ALQASIM was introduced
in [29]. ALQASIM was used to answer Multiple Choice questions of the QA4MRE. According to
the authors, a novel technique was used in understanding and analyzing test documents which led to
an accuracy of (0.31) in comparison to accuracies of (0.13) obtained by IDRAAQ [28] and (0.19)
by the approach used in [16].

An Entailment-based Why Arabic Question Answering (EWAQ) system was introduced by [30].
According to the author, EWAQ enhanced the accuracy of “Why” questions by improving the re-
ranking of passages that are relevant and retrieved by many search engines as possible answers. She
claimed that the accuracy of her system has improved over that of search engines; Google, Yahoo
and Ask.com.

In most of existing types of QA systems; especially Factoid QA systems, the search will be for a
Named Entity as part of an answer; or even the answer itself. In English and other Latin-based
languages, it is very easy to locate a noun with all of its categories in a given text due to the
capitalization feature that exists in the language itself. However, since Arabic does not support any
capitalization of letters and is a highly inflected and derived language with rich morphology and
complex syntax, the identification is not straight forward; a process that would be more difficult to
carry on for Arabic. For this, a research on handling Named Entities in Arabic was conducted.

Once introduced into research during the sixth Message Understanding Conference (MUC-6), the
concept of Named Entity (NE) did not just cover only proper nouns, but also included other types.
The types, or classes, that were introduced by MUC-6 for NE were ENAMEX (referring to person
names, locations and organizations), NUMEX (referring to money and percentage [numerical]
expressions) and TIMEX (referring to time and date expressions).
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There are two approaches to build Name Entity Recognition (NER) systems in Arabic; a rule-based
approach like that of NERA system was introduced by [31] and a Machine Learning (ML) approach
like ANERSYys system was built by [24]. Some of the systems that adopted the rule-based approach
are: TAGARAB [32], PERA [33], ARNE [34] among many others. As for the ML approach, many
researches have been conducted using this approach like those of ([13],[31] and [35]-[37]), among
many others. For more information, one can refer to a very good and recent survey of Arabic
Named Entity Recognition systems given by [38].

3. THE QUESTION ANSWERING PROCESS

The generic Question Answering System consists of three major modules; namely, the Question
Analysis and Understanding Module, the Document/Passage Retrieval Module and the Answer
Extraction and Response Generation Module. This research is part of an ongoing research on
Arabic Question Answering and is concerned with the first module. Work on other modules of the
Arabic Question Answering; IR and Response generation, is currently being carried on.

3.1 Question Analysis and Understanding Module

One of the most important steps in the Question Answering process is the issue of question
understanding; a question must be properly analyzed to clarify what is meant by such question thus
enabling us to be directed in the proper path of finding the right and exact answer to our query. In
this module, a correct understanding of what a question might be looking for; or what is known as
the Scope (or Focus) of the Question and Question Type constitute a crucial step toward providing
the right answer to a given question.

Regardless of the natural language being used, a question type would fall into one of the following
categories:

1) Who/Whose: such type of question will be looking for animate objects such as a person.

2) What/Which: such type of question will be looking for inanimate objects, like an entity or a
thing.

3) Where: such type of question usually looks for a place or location.
4) When: such type of question will be looking for a time or time-related information.

5) Why: such questions are usually not easy to answer, but they will be looking for a reason or
a cause for the happening of some action.

6) How: depending mainly on what follows; for instance, in the case of How much or How
many, such questions will be looking for numbers or quantity. However, if How is not
followed by much or many, these questions will be looking for a process or procedure on
doing some action.

In Arabic, there are more ways to ask questions than in English. Arabic uses the same WH
interrogative nouns of English in addition to more than one way of representation of some of the
interrogatives. For instance, interrogatives like Who “c»”, Whose “0«l”, What “lL “Idle” “lae”,
Which “s!”, Where “”, When” e “0il”, Why “I3”, How (much/many) “a$” and How “<asS”,
are some ways of asking questions in Arabic. In addition, Arabic Interrogative nouns include other
particles that are related to the expected question types and/or scopes, like:
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1) To be type “Ja”: This is an interrogative tool where such type of question usually would be
looking for a Yes/No answer. Examples on such: “Sz_ &l & hadi Ja” (Is it raining
outside?) and “Sxas S Ja” (Did Mohammad come yet?).

2) Hamza “s”: This interrogative tool in Arabic is used as a disapprovingly tool “A; J\Sxiul 3lal,
As an example: in the Holy Quran “4! as 4lj¢” (Is there a God with Allah?), the answer to
such questions would be either Yes or No, but in our example the answer must definitely be
No.

The Arabic interrogative word “L<” is actually a combination of the two words “(<” and “13L”
(From What), but when combined in Arabic it is reduced to “les”.,

In addition to the above, Arabic has more indirect ways to ask questions. For instance, in Arabic,
using the phrase “s! ¥ (In What/Which), we could say “S0sala ol Ay ale sl 8 In What year
Ibn Khaldoun was born? Or “S¢sala ¢l a5 2l sl 8 (In which country was Ibn Khaldoun born?).
Such questions are formulated using the phrase: “Lﬁi ¥ (In What/Which); a phrase used to
formulate question types related to Time (In What) and Place (In Which) concepts. Also, one can
use the phrase “cal o (From Where) to usually refer to a source (Location, Method, ...etc.) like
asking“SJWll 138 CwuiS) o) (> (From where did you earn this money?); referring to the source of
the money, or ask “%8) ) 3 (ul (40” (From where did the attackers come?); referring to the location
the attackers came from.

On the other hand, the phrase“a" (In Where) refers to questions that ask about a target Named
Entity like “fellla cuasi) Laé” (Where did you spend your money?). This type of question might
require some extra semantic analysis and search capabilities to reach a proper answer.

In Arabic, once the type of a question is identified, from the interrogative noun we can identify the
Gender and the expected scope (Target Answer type); which would be used later in the Response
Generation module; another part of the ongoing research on Arabic QA. This can be illustrated in
formulating what is known as Question Patterns. For instance, if one asks the following question:

“fzildll desa 8 0”('Who is Mohammad Al-Fatih?)

then using the following Question Pattern for Definitional type of question Who+be +< topic>
( <g s>+ A8 (), the question type and scope would be identified from the usage of the
interrogative noun “(«” as being a Definitional type of question looking for an NE-> Enamex.
From the word “sa”, referring to the question pattern would indicate that gender is identified as
masculine. The Target Answer (topic) would be referring to the Named Entity “zall aasa”
Mohammad Al-Fatih. Furthermore, a question like:

“fdal S| 48 jae Cias S6” (When did Al-Karamah Battle occur?)

then using the following Question Pattern for Temporal type of question: When+Verb+<topic>
(<g s=sall> + J2d +5 ), the question type and scope would be identified from the usage of the
pattern of “.«” as being a Factoid type looking for an NE = Timex and the gender would be
identified as feminine from both the Taa marboutah “&” in “4sl Sl 48 =" and the connected
pronoun “<" in the verb “<fas” The Target Answer (topic) will be looking for a Time or Date
value related to the occurrence of the scope “asl Sl 48 =4”; je., a year or a specific date. Table 3
gives a sample of Question Patterns that were identified and used for this purpose.
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Table 3. Sample of Question Patterns used in the approach.

Question Pattern Type Scope

<g pagpdl>+ A A+ (e Definitional Definition of NE-> Enamex
<¢ 2 gall> + 8 LA ans] + Factoid NE-> Enamex

3 L] ail + <g gaim gall> + (3l Factoid NE-> Enamex

<g pagdl>+ A[0a + Lo Definitional Definition of NE
r=SLQjﬁlAS.:~fla‘ﬁ!S.er>Countable-Qty.-Term + | Factoid NE= Numex

<g g gall> + Jad + e Factoid NE-> Timex

<ol e + Jod + &S Method List of steps

3.1.1 Question Processing

To process a question, a set of rules and patterns were developed for each question type. Table 4
gives Question types and scope. The current version of the implemented system can answer some of
the rules for (How and Why) “I3Wl ««S”, Further assessment to produce more accurate answers is
needed; which constituted part of the future research as well. The rules for the interrogative noun
(List) “_S3" were not tested in our approach, since they require more semantic analysis. Different
rules for interrogative nouns in Arabic were built and implemented within the system. Figure 1 and
Figure 2 give the rules used for “c<” and “Ob <k « i, respectively.

So far, the rule in Figure 1 deals with the question pattern ( <g s<a s> + 8|8 < ), in which the
second token of the given question must be either “s” or “2”. The rule for the case where the
interrogative noun “(«” followed by a verb was not built and implemented, since it requires more
analysis. So, if a question like ¢ dxdall I dasa xa ¢l = (Who came with Mohammed to the
University) was asked, then it will not be answered, as it is not handled properly in the current
approach due to more analysis. Figure 3 describes the question processing applied in this approach.

Table 4. Question types and scope in Question Understanding.

QL_:_(;S;IEOH Question Words Scope
Factoid e ¢ gl e ol Timex, looking for a time
Factoid BR Enamex, looking for Named Entity - Person
. ¢ + | Timex, looking for a time
Factoid Time Term
: T + | Enamex, looking for a Location
Factoid Location_Term
Factoid By Enamex, looking for a Location
Factoid aS Looking for Numeric Value
Definition (e Enamex, looking for definition of Named Entity - Person
e Enamex, looking for definition of Named Entity - Location or
L "
Definition Organization
Causal lale Looking for result and/or cause
Method s Looking for a process to do something
Purpose 13 Looking for a reason for doing something
: ; Looking for a list of steps. In case & W, we need further analysis
List @ Lo S like next word is ¢« sha ¢ s dgy )b
Yes/No Ja Looking for either Yes or No as a reflection of action
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“ " then

If Question First Token =
Question_Type = Definition;
Question_Scope = Enamex_Person

Extract and Build Question Keyword List
End if
End if

If Second_Token = “s»" or Second_Token = “_»" Then

Question_Scope_Word = Named_Entity(ies) after Second_Token
Expected_Answer = Definition of the Mamed Entity of Person

Figure 1. Rule for interrogative noun “o<".

Question_Tyvpe = Factoid;
Main_Verb = Second_Token

Main Verb occurrence

End if

Question_Scope = Timex_Time_or_Date

If Question First Token = “wie’ or “ i or “ b then

Question Scope Word = Numeric Value of Time related to

Expected Answer = Number or Sentence containing Time tferm
Extract and Build Question Keyword List
Enrich Question Keywords with Time Related Terms

Figure 2. Rule for interrogative nouns “si”, “oW” or “olf”.

Tokenization

List of Pattarns

Tagger

identify Question Scope|
according to pattern

Search for Scope in

Corpus

Question Analysis & Understanding

— Module —

Corpus II
Lr.lcare Answer

Question Noun,

5

TVOE Fottern &

IR
Module

cope identifies

Can n’l'n'areﬂ Documents

Response
Generation Module

ort Candidate| | Answers
Answer

Figure 3. Question processing of the research.

3.1.2 The Tagger System

218

Arabic is a highly inflectional and derivational language, which exists in three different forms
today. The first is the Classical Arabic (Fus’ha), which is the language of the Holy Quran and
poetry of ancient pre-Islam era before about 1500 years. This form is completely diacriticized and is
used today in the teachings of the Holy Quran and any Islam-related issues as well as Arabic
Language educational books. The second form is the Modern Standard Arabic (MSA), which is the
language of the media (Newspapers, TV, Internet, ...etc.) and is used daily for official purposes by
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Arab countries and their organizations as well as the United Nations as one of the official
languages. Finally, the third form is the Colloquial Language (CL), which refers to different dialects
that are used in different Arab countries amongst people on the streets [38].

The majority of research in Arabic NLP in existence today has targeted Modern Standard Arabic; a
vowel free form of the language that introduces high ambiguity. For instance, if we look at the
MSA word ‘g‘ah”, without diacritic symbols shown on the word, it could be interpreted to mean
‘Science’ “ale” (Ilm), ‘Flag’ e (Alam), ‘been known’ (ale) (Olim), ...etc. An example of
similar derivations is given in Table 5 for the root J « (& [39]. This ambiguity is one of the main
reasons why research on Arabic NLP did not reach the levels of its counterpart Latin-based
languages.

Table 5. Different derivations of the root J — & [39].

English Concept Arabic word

Tribe ala

to meet Sl
Before Ja

Future Jaina

To receive Jadi
To come to Jal
Kiblah ala

Arabic words are either native Arabic words or Arabized; brought from other languages. According
to [40], the following VY letters (o= s = 3¢ 5z & (341 (=) are restricted to Arabic native words
where none of them is used for either Transliterated and/or Arabized words. An Arabic native word
is mainly classified into one of three types; Noun, Verb and Particle. When performing NLP using
Modern Standard Arabic form; especially in Question Answering systems, it is very important to
identify the type of the word we are dealing with; especially nouns. Figure 4 gives the Part-of-
Speech categorization of Arabic words [41].

Of course, before we could identify Target Answer types, we need to tag question words properly;
and this is the task of the Tagger. In this research, we have built a tagger that is a combination of
both rule-based and word weights “0))) 57 to identify the proper tag value of a question word. The
used rules and weights, and hence the built tagger, are from two unpublished research works by the
author.

In this research, 35+ tagging rules were identified from literature that could be used for the proper
identification of Nouns. For instance, the following types of words are all identified as Nouns:
Proper nouns, Action nouns, Genus nouns, Agent nouns, Patient nouns, Adjectives, Time, Place,
Instrument, Adverbs and Demonstrative Nouns. In addition, any words that start with the definite
article “J" (the) or end with “4” are considered Nouns. In most cases, words that end with “sL” are
considered nouns. In this research, we used question patterns which enforce us to use nouns and not
verbs that end with “<L>, If tagging rules failed in identifying Nouns properly, then a set of Named
Entities that was compiled by [31] are used to help in properly classifying Named Entities. In
addition, 15+ rules are identified to tag verbs and 12+ rules are identified and used to identify
particles. Such tagging rules are needed to help in proper identification of answers. In addition to
the rules, 72+ word weights were used to help in the proper identification of word tags and are
implemented within the system.



220

Jordanian Journal of Computers and Information Technology (JJCIT), Vol. 2, No. 3, December 2016.

The tagging algorithm is given as follows:

1)
2)
3)
4)
5)
6)
7)

8)

9)

Get the word from the Tokenized list of words.

Assign the value “Unknown” to Tag_value .

Check if word is a Particle. If so, assign Tag_value = “Particle” and go to step 11.
Check if word is a Noun. If so, assign Tag_value = “Noun” and go to step 7.
Check if word is a Verb. If so, assign Tag_value = “Verb” and go to step 11.

If Tag_value equals “Unknown”, Check the NE database for a match.

If the word is found in the Location NE table, assign Tag value = “NE_Loc” and go to step
11.

If the word is found in the Person NE table, assign Tag_value = “NE_Hum” and go to step
11.

If the word is found in the Organization NE table, assign Tag_value = “NE_Org” and go to
step 11.

10) If Tag_wvalue is still “Unknown”, assign “Failed or Foreign” to Tag_value.

11) Return Tag_value and Exit.

Arabic Words

Cardinal |
L Ordinal |

- —
MNumerical
Adiective |

[Prﬂnnun |

—  Personal |

Dtmnnstr:t-vﬂ
—| Felative _|

—_Specific

E [Cnmmun ]

| Excaptions |

H MNegatives |
' Answers |
—[E:-:plan:tinnl
- |: Subnrdinat]

l Maun 1 Waerk ]  Particle ] |_ Residual -| l Punctuation ]
. - g Ny
—[C::mm:m] | i Perfect ] [ s Preposition ] Foreign | Punctuation
- - i L Words | Symbals
— Proper Imperfect Adwerbial p Both Arabic
B _I - _[ | Mathematical I'gl English)
— Adjective —[Imp.ratw*] —[Eun]unrtlc-n] | Formulas | such as:
 TNumerie Hinterjection | | Numbers | L0700

Figure 4. Arabic Part-of-Speech [41].

In this algorithm, the Tag_value is needed for proper identification of question words to better
match question types and scope with Question Patterns. If the Tag_value was identified as either
Particle or Verb, then the algorithm just returns the Tag_value. If, however, the Noun was identified
as a Tag_value, or the Tag_value was not identified (Unknown Tag_value), then a search is needed
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into the Named Entity tables to better identify the Question Scope; especially with Factoid and
Definitional types of questions. Figure 5 gives a snapshot of Noun tagging rules.

If word starts with a letter in “les st then
If first_letter in “e« gsascfio <" then the word is noun,
return Tag_value="Noun”
Else if first_letter in “cs+<i /s then
If second _letter is not in “ e so25” then
Assume word is Verb and go to Thr’rd_ Test
Eise if second_letter is not equal “.~" then the word is noun,
return Tag_value="Noun”
Else if third_letter = “<" then
Assume word is Verb and go to Third_Test

Figure 5. Snapshot of Noun tagging rules.

3.2 The Information Retrieval/Extraction Module

The focus of this research did not involve building a state-of-art IR engine. For this, we have
adopted the approach followed by many researchers like that of QARAB, QArabPro, ...etc. that
was based on Salton Vector Space Model (VSM) to search and retrieve relevant documents using a
relational database system. In this system, we keep data in tables where the major tables are:

1) A Document table, where we store different corpora files into the database.

2) A Stop words table to keep a list of Arabic Stop words. Here, we use a list of Arabic Stop
words that was downloaded from [42] and contains 13000+ Stop words.

3) A Named Entity table, which stores a list of Named Entities. Here, we use the list compiled
by [31] that contains 5000+ person, location and organization names.

In addition to the above mentioned tables, the approach includes some other supporting tables that
are needed during the Question Analysis and Information Retrieval process.

The Vector Space Model (VSM) defines a vector that represents each document and a vector that
represents the query. The model works by assigning weights to index terms in both the queries and
the documents, which are then used to calculate the degree of similarity between each document
and the query. In this research, the Cosine similarity is used as a measure of similarity between the
query and the retrieved relevant documents to find the most appropriate answers.

After the proper formulation of the query posed by the question through enriching it with extra
keywords, the IR model retrieves the most relative documents to the query that need to further
choose among. The choice is made after sorting documents using some scoring mechanism. Given a
document dj and a query g, the Cosine Similarity value that could be used to provide such score is
calculated as:

( Wiq)

q —_ .
I3l Jz LW

CosSim (d-,q) = ek

d]
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where w;; is the weight of the term i in the document j and wijq is the weight of the term i in the
query. The term weight is the Normalized term weight and is calculated as:

fi j = tfi j / max tf; ; where:
fi,; =Normalized frequency,
tfi j = Frequency of term i in document j and
max tf; ; = Maximum frequency of term i in document j.

Since we will be looking for the most appropriate answer, then the document with the highest score
will be selected as the candidate document containing the answer. Once the document is identified,
a pattern matching is performed to find the best match between the different sentences in the
document and the pattern scope and shape to retrieve the best answer.

4. THE DATA SET

For the purposes of this research, we have started looking for different sources of Data Sets that
could be used. Although many corpora were collected, only the Data Set built for QArabPro by [14]
was used, due to an access that was thankfully obtained to both the questions and the documents
from the lead author. The Data Set consists of 335 questions posed over 74 documents from
different categories; which has formulated the basis for testing and evaluating our approach. In
addition, ANERSys Named Entity corpus built by [31] was used to help in the tagging process. The
testing results are reported in the experimental section of this paper.

After extensive search of the Internet and repositories, other corpora were also collected like that of
the Holy Quran [43], List of Stop words from [42] and a corpus of 1256 documents collected by the
author from both Al-Rai (www.alrai.com) and Addustour (www.addustour.com) newspaper sites.
However, such corpora were not used in this research due to the lack of experimental results to
compare with and to make sure that the approach of this research really works. As a future research,
the author is planning to use such corpora and to apply the approach upon them.

5. RESEARCH APPROACH
To achieve the objectives of this research, the following steps were followed as given in Figure 6.

Step 1) Collecting and organizing information on different Arabic Question Answering systems
in existence with their related problems.

After extensive search of existing Arabic QA systems, the main problems found to be
faced by such Arabic QA systems could be summarized as follows:

(1) The lack of standardized Arabic resources, like an Arabic corpora, Grammar, IR tools,
...etc., that could be used as a bench mark to compare with and judge the effectiveness
of an approach.

(2) Some of the discussed QA systems did not report their testing results or even did not
mention anything about their results, like AQAS and QARAB.

(3) The majority of systems are of Factoid and/or Definitional type of QA systems. Very
few of them managed to handle the “Why and How” type of question like QArabPro
and none were found to deal with List type of question. This is because more
processing and semantic analysis is requested, which requires more elaborative work.

(4) The majority of the systems assume that the answer exists in the set of documents
being searched; a limitation of the QA system. But, what if the answer does not exist?
None of the researchers said anything about that.


http://www.alrai.com/
http://www.addustour.com/

223

"A Rule-based Approach to Understand Questions in Arabic Question Answering", Emad Al-Shawakfa.

Step 2) Identifying different rules in existence for Analyzing Arabic Questions.

To perform this process, the literature was searched for existing rules that could be helpful
and useful for the purposes of Analyzing Arabic Questions. Most of the rules had to deal
with the tagging process of Arabic words and a very limited number of rules was clearly
mentioned in the papers (5 rules only by [14]). Some authors did not even mention the way
in which they have analyzed Arabic questions in their systems. For this, we had to build our
own set of rules that matches the logic of dealing with different forms of Questions.

Step 3) Enhancing and/or building rules for Question Analysis.

By analyzing different ways of asking questions in Arabic and from different sources in
literature, we have identified six different categories of question types; those are: Factoid,
Definitional, Causal, Method, Purpose and List. Although in English type of questions
there are six different Question words; Who, When, Where, Which, Why and How, their
Arabic counterparts constitute around 15 different variations. The Arabic question words
are: oS bl «S3 (o dIile (gl (B ae S il ¢l el ¢ Sie «cse With two variations for each of
S and sl 8 Rules were built for each type of Arabic questions.

Step 4) Building and/or collecting proper corpora for testing purposes.

Many corpora were collected from different resources of the Internet and from different
scholar sites. The total number of documents in these corpora amounted to more than
50000 text documents in addition to the Holy Quran in Arabic textual format. However,
to test the validity of our approach, only the corpus provided by [14] is used.

Step 5) Building an Arabic QA system equipped with the new rules to test the approach.

Step 1: Collecting &
Organizing Info about
QA Systems

R a st
systems for any potential
problems

Step 2: Identifying Step 3: Enhancing and/ Step 4: Building and/or
existing Rules or g n collecting proper corpora

Question Analysis
exis rules were
searched for and

identified

uil
(-Ernhed RulesJ

Query ‘_>\ Apply embedded rules on corpora <—/_"

N » Response to
U

Iser

| corpora

Figure 6. Generic steps of research approach.

6. IMPLEMENTATION

In this research, a rule-based QA system using Visual Studio.Net 2015 with SQL Server 2014
Express Edition within a DotNet framework version 4.6 under Windows 7 environment was
implemented for testing purposes. The system was implemented using the identified and
constructed rules. The main screen of the system is given in Figure 7. From this figure, we can
notice that the user has the choice to either ask a question directly; by selecting Question option, or
load a set of questions from a question file; by selecting the Question File option. A user must
identify the corpus to be used for the search purposes. The main reason behind selecting the proper
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corpus is to work in the same manner as that of the QArabPro for bench marking purposes.
Furthermore, to select a file containing a set of questions was a choice to compare the results with
those of QArabPro.

2 Arabic Question Answering System l &J

Corpus |

@ Question |

Question File I:l

Result

Figure 7. Main screen of the implemented system.

The system makes use of the documents and the Named Entities stored into the database as of well
as other tables mentioned previously in the section about the IR module. No document pre-
processing or letter normalization is performed. Instead, when storing the document into the
database, we store a document ID, a category for which the document belongs and the document
text as is.

When conducting research on Arabic NLP, many researchers tend to perform normalization of
some letters by converting different versions of alif “) | | into a single version """ as well as the
case for haa 74 4” and alif magsourah “¢ «”. In the author’s opinion, such process will lead to
invalid answers in a question answering system and Figure 8 gives the proof. This opinion matches
with a finding by [44], in which is proved that the removal of Stop words and Normalization of
letters had no significant effect on the retrieval process and might not justify the cost of carrying
pre-processing.

In Figure 8, if one asks about Arwad island using alif with hamzah “¢3) 5, 5 5 3a & W and alif
without hamzah “fal5)) 3 n)» & W”, the results will be completely different; with the one
containing the hamzah as the correct answer. If the corpus was written properly without typos, then
the question without hamzah will not obtain any answer; since Arwad is usually written with a
hamzah.

If normalization was performed on both the documents and queries, incorrect answers might be
obtained (as in Figure 8). By eliminating the normalization process and using the question patterns,
better results are obtained.

The IR module of the approach was implemented based on the Vector Space Module (VSM) to
search for answers among the set of documents and then rank them using the Cosine Similarity
measure, in which the document with the highest earned value is selected as a candidate document.
To extract the answer, the system performs pattern matching between the question pattern and
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different sentences in the document that contain the question scope. The sentence that contains the
scope and best matches the pattern is returned as the answer.

D A Quiition ARsening Syitem B || 9 mewbic Quastion: Bngunring System ety
Conpus oy ARG 2 Cofpus daphy LAk .
& Cheifian a7 el p & Chaetition A bl
Cusisian File | D Chsegtion File
[ ]

Besult Resuly

e e a5y e s b A

Figure 8. Reason for not normalizing Arabic characters.

7. EXPERIMENTAL RESULTS

To test this approach, the data set used for QArabPro in [14] was used as a bench mark. In this data
set, a set of 335 questions and 74 documents were used. However, before we could use this data set,
we had to convert all text documents from Windows 1256 code page into UTF-8 encoding. This
was a necessity for the success of dealing with this corpus under Windows 7 environment. In
addition, the set of documents were stored into the database in their original format where a
document ID, category and text were stored. Table 6 gives more information on the number of
guestions of each question type adopted in this approach from [14].

With IR systems, both Precision (P) and Recall (R) are used as measures to show the efficiency of
such systems in retrieving relative documents. When calculating both P and R, it is clearly noted
that both have an inverse relationship; if P increases, R should decrease. However, since Question
Answering is usually interested in finding an exact answer; not a document (or list of documents),
then using P; in the author’s opinion, will not be an accurate measure, as it will be difficult with
such case to identify True Negative and False Positive answers needed to calculate the Precision.
When posing a question, only one of three outcomes will be noticed: a correct answer, an incorrect
answer or no answer. As is the case with many researches on QA, we used Accuracy (Acc) instead
of Precision; which refers here

to the ratio of correctly answered questions over the total number of questions posed, as a measure.
The following formulae show how we measured the efficiency of the approach.
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Table 6. Question distribution per question type.
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Question Total # | Total # | Correctly Incorrectly | Not Accuracy
Type Questions | Answered Answered Answered Answered
Definitional 141 136 118 23 5 0.867647
Factoid 128 125 86 36 3 0.688
Causal 40 39 32 6 1 0.820513
Purpose 26 25 18 6 1 0.72
Total 335 325 254 71 10 0.781538
Recall = Number of answered questions 325 97%
ecatt = Total number of asked questions ~ 335 0
Number of correctly answered questions
Accuracy = -
Total number of answered questions
118
Definiti A _ 1o
efinitional Accuracy 136
Definitional Accuracy = 0.867647
Factoid A _ 86
actoid Accuracy = 3o
Factoid Accuracy = 0.688
32
C A =—
ausal Accuracy = o
Causal Accuracy = 0.820513
18
Purpose Accuracy = >F
Purpose Accuracy = 0.72
0 lLA _
verall Accuracy = —

Overall Accuracy = 0.781538

Accuracy * Recall 0.781538 * 0.970149
Accuracy + Recall - 0.781538 + 0.970149
Fmeasure = 0.8656869642.

Fmeasure = 2 *

To reach the obtained results, we have isolated different questions per each category into files and
then used these files as input to the system. The results were stored in an Excel file showing each
question with its corresponding answer. A manual process was then performed by a human expert
to validate the answers given by the system. Finally, all results of categories were combined into
one file. The number of correctly answered questions, as well as the number of incorrectly
answered questions and the number of unanswered questions were manually calculated. Figure 9
shows a snapshot of the combined results in which answers in light colour are incorrect, empty cells
indicate unanswered questions, while answers in dark colour refer to correctly answered questions.

Figure 10 shows the number of questions that were answered from each type of question posed and
Figure 11 gives the percentage of correctly answered questions for each question type. As can be
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noticed from Figure 11, the system managed to answer around 72% of Purpose type of questions,
82% of Causal type of question, 87% of Definition type of question and 68.8% of Factoid type of
question. Only 2.9% of questions were not answered and 21.2% were incorrectly answered.

(o E - & )F 5 FinalRsits = Microsoft Excel D ‘ . el
L0%) o -
Home imet  Pageloout  fomuss | Ota | Meew  View  ADBNFincheaderi2  Yam @-0°x
. 3 2] connedtions E %a - = > ®5 oo oo 5 3
~ .9 s AR oo g7 5 b= =22 9 d &l
From  F Refi ) son  Fmer o Tetto Remove  Data  Consolidate Whatdl  Group Ungroup Sublot
. .  Avanced | Columns Duplicates Validation * Ansipsis= |+ -
Get Externai Dt Sont & Fitter Dats Toals Outine
@ SecuiyWaming Deta connections have been disabled | Options ~
(a2 -G £ Siaa Al ¥
o 3 e

0.745762712

sl Accuracy

Figure 9. Snapshot of the combined results.
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Figure 10. Number of questions answered by the QA system.
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Figure 11. Percentages of correct answers among different categories.
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8. SUMMARY AND CONCLUSION

In this research, a set of rules for the Analysis and Understanding of Arabic Questions in an Arabic
Question Answering environment was built. To achieve the purpose of this research, different
tagging rules as well as question patterns that could help in locating a more accurate answer were
also built.

In comparison to the work of [14] which was used for benchmarking purposes, our approach has
obtained better recall (97% vs 86%). In addition, our approach has managed to obtain better
accuracy for some types of questions. For instance, our approach has obtained an accuracy of 75%
for “aS” type and 72% for “)3W) type of questions in comparison to 69% and 62% respectively in
[14]. Accuracy of other types of questions was not mentioned in [14], so we could not compare our
results with theirs. In our opinion, lower overall accuracy of 78% obtained by our approach, as well
as low accuracy results obtained for some type of questions; especially for Factoid types (86 out of
125), can be referred to the content of the data set where many typos were found in both the text
documents and the formulation of the questions. So, to obtain better results, the documents and
questions need to be revised.

The scope of this part of research has concentrated on the Question Analysis and Understanding
module. The IR module, however, was built using the approach used by other authors; i.e., the
Relational Database approach. The Cosine similarity over the Salton VSM module was used to rank
different candidate answer documents. Testing results showed an overall accuracy of 78% with a
recall of 97% and an F-Measure of about 87%.

9. FUTURE RESEARCH

It can be noted that not all rules were fully constructed and implemented in this approach. For
instance, rules matching a pattern like (<g s<as<ll> + J=& + (1) are not handled in this approach.
For this, we are planning to expand and extensively review and enhance all built rules to obtain
better answers and performance. We are also planning to prepare and double check the collected
corpora for any typos to be used for testing purposes and to make sure that our approach is
performing well by manually double checking the expected answers from each of the questions.
This step will be used toward applying and generalizing our approach on other collected corpora.

With some variations to the approach and its rules, work on obtaining answers from the Holy Quran
[43], would constitute another part of future research. In addition, we are planning on extending the
approach to deal with the sayings of the Prophet Mohammad (Peace be Upon Him).

The current research is based on syntactic analysis of words. As part of future research, we are
planning on using the semantic analysis as well to help in locating proper answers.

Since this research constitutes part of an ongoing research, we are currently working on building
proper response generation rules that can be used to give better answers in a dialog like context with
the user.
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