


   When the headway measures are equal for n 

observations the headway regularity index will be 1. In 

this paper the headway regularity index was calculated 

for one bus route in both directions. 

    Many factors such as traffic conditions, route 

characteristics, passenger characteristics, and 

operational conditions contribute to bus unreliability.  

The term reliability can be defined as “the ability of the 

service to provide consistent service over a period of 

time” [5]. In this paper two types of bus reliability are 

measured, travel time reliability and headway 

reliability. 

   Travel time reliability measures the variability in bus 

journey time for a specific bus route within a specific 

time interval at a specific level of service [4].  The 

travel time reliability is defined as the mean over 

standard deviation of travel time.  

=RT
t

t

σ

µ
         (3) 

The higher value of RT indicates a good reliability. 

   Maintaining the scheduled headways by keeping 

regular spacing between buses will minimise the 

average passenger wait time and eliminates buses 

bunching. Bunching of buses happens in the absence of 

service during the scheduled time causing high 

passenger demand for the next bus. Headway 

Reliability is another proposed reliability indicator; it is 

defined as the standard deviation over mean headway: 
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Smaller values of RH indicate better headway 

reliability. 

 
III TRAM AND BUS TRACKER 

 

   Tram and Bus Tracker (www.bustracking.co.uk) is a 

joint project between NUIM and Blackpool Transport 

that uses various reliability measures to visualize the 

behaviour  of vehicles in ways to allow the operator to 

better assess and improve the quality of service. The 

system uses off-the-shelf GPS/GPRS integrated units 

programmed to transmit location at regular intervals 

(45 seconds approximately) while the vehicle is in 

motion. The data is stored on a server and can be 

displayed through a standard web browser to show 

views representing current locations of vehicles in 

close-to-real-time. The system displays real time 

locations of buses pictorially, textually and, using the 

facilities provided by the Microsoft Virtual Earth API, 

with 2D and 3D maps(figure 1). 

 

 
Fig (1) The public interface showing updating textual 

display plus moving locations on 

Microsoft Virtual Earth. 

 

   In order to improve services, as well as providing 

real-time information, this system builds up an archive 

of data that can be analysed and mined for information 

that can show behaviour of the transport system over 

time, indicating problems such as vehicle bunching and 

delays due to congestion. In addition, to qualify for 

public subsidies, operators must report Quality of 

Service metrics to government. These are usually 

calculated manually but the existence of a full archive 

of data gives the potential for automation. 

 

 
Fig (2) Route 5 in Blackpool city  

 

IV. BLACKPOOL ROUTE 5 

 

The City of Blackpool, UK lies along the coast of 

the Irish Sea. It has a population of 142,900, making it 

the fourth-largest settlement in North West England. 

The bus services in the city are operated by Blackpool 

Transport Services. For the purpose of demonstrating 

the analysis and evaluation of bus services in 

Blackpool, Line 5, a high frequency route, was selected 

to be a test case. This bus route contains 73 bus stops 

in both directions, 14 of which are timing-points where 



departure times are quoted in the public timetable. 

Figure 2 shows Line 5 in Blackpool. 

 
V. IMPLEMENTATION 

 
   Excess Waiting Time (EWT) is a standard metric 

used to measure the quality of service on high-

frequency public transport. This indicator is a key 

performance indicator since it denotes how much time 

passengers had actually to wait in excess of what they 

would have expected if the service were perfect. EWT 

is calculated by subtracting Scheduled Waiting Time 

(SWT) from Average Waiting Time (AWT) and it is 

this which is used as the measure of reliability. The 

greater the EWT, the less reliable is the service [2]. 

EWT can be calculated on a daily, weekly or monthly 

basis. Figure 3 shows EWT values in a certain day for 

all bus stops along route 5 in Blackpool.  

 

 
Fig (3) EWT values for different bus stops in route 5 

    

   Buses bunching and headway overlapping can easily 

be noticed. The headway regularity index indicator was 

calculated to measure the quality of service; the result 

is shown in figure 4. High index numbers indicate a 

regular service whereas low numbers indicate headway 

irregularities.  

 

 
Fig (4) Headway regularity index values  

It shows that there is a trend towards higher 

headway regularity for all bus stops on the day the 

headway index was calculated. Starting from the bus 

terminus, travel time reliability was measured for each 

bus stop in the same direction; figure 5 shows different 

bus stops with travel time reliability measure. 

  

 
Fig (5) Bus stops with travel time reliability measure. 

 

Bus stops located on the south direction have higher 

travel time reliability than stops on the north, which 

means that they have a more reliable travel time.    

For headway reliability, a smaller values indicates 

better reliability. Headway reliability values seem to be 

high on the second segment of the route and tend to be 

lower before the end of the route (figure 6).  
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Fig (6) Bus stops with headway reliability measures 

 

VI CONCLUSION AND FUTURE WORK 

     

Tram and Bus Tracker is adynamic web application 

system with an intuitive interface and the ability to 

measure transit services’ reliability. The system can be 

useful to users (travellers) and the operators in that, as 

well as providing transit information in close to real-

time, it also provides tools to analyse performance and 

see where improvements are needed. The system 

architecture can be developed to be applicable to 

different transit services or regions.    
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ABSTRACT: 

In this paper we describe a process whereby the 
magnitude of either one or two frequency components of 
a signal is modified in order that it may be used to 
encode a hidden message within a signal in such a way as 
the casual observer would have no way of noticing the 
presence of a hidden message. Previous work has used 
filtering and signal addition to achieve the same goals. 
The current work improves on this by using a recent 
super-resolution component-identification technique to 
isolate the components to modify, limiting the impact on 
the quality of the signal. 

Keywords: Signal processing, digital audio watermarking, 
data hiding, Steganography 

 

1.0 INTRODUCTION 

The concept of Steganography, defined as “the art or 
practice of concealing a message, image, or file within 
another message, image, or file” [1] is not new. 
Steganography may be combined with Cryptography in 
order to make message data more secure even if the 
presence of the message is discovered. Digital watermarking 
of audio and video is a form of Steganography, in that the 
audio/video can be used to ‘hide’ the presence of other 
information. 

In recent years there has been a marked increase in research 
in the area of digital watermarking. This has been driven, in 
part, by the needs of the Entertainment Industry to find 
means for protecting, tracking or identifying intellectual 
property such as photographs, music and movies. The SDMI 
(The Secure Digital Music Initiative, a group consisting of 
more than 200 companies in the fields of I.T., Music and 
Entertainment, Consumer Electronics, Security and Internet 

Service Providers) challenge at the turn of the century, with 
regard to digital music, contributed to much investigation 
into the area of digital watermarking over the intervening 
years. Eventually, the SDMI folded, claiming that it was 
awaiting developments in technology before implementing 
digital rights management technologies. One of the reasons 
identified for the SDMI’s failure was that the technologies 
then available were insufficient to achieve the aim of 
completely hiding an added watermark from those expert or 
talented listeners described as ‘golden ears’. This meant that 
there was no way of preventing detection and ultimate 
removal of the watermark. The watermarking technology 
that the SDMI purported to recommend to the Industry was 
broken almost immediately [2]. 

There have been a number of alternative propositions for 
hiding data in cover signals and most are successful to a 
certain extent or in a given context. A good overview of the 
theories in this area can be found in [3]. The basic premise 
of watermarking schemes is that the information to be 
watermarked w is added or embedded in the cover or host 
signal s to produce a watermarked signal s’ 

  s + w = s’         (1) 

This paper proposes a technique for hiding data in cover 
audio signals, specifically music or spoken word, by the 
identification and modification of the magnitude of 
frequency components in the cover signal itself.   

In part, the work is inspired by [4], a technique designed for 
covert communications across a radio channel for military 
applications, and follows on from an earlier work which 
used the addition of multiple frequency components to 
achieve a similar aim [5]. In [5] it was proposed that the 
message to be embedded was to be separately generated. 
This was then added to the host or cover audio. In this 
paper, however, we instead propose that the host or cover is 
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itself modified in a controlled manner, rather than having 
potentially destructive and/or detectable content added to it. 
In both this paper and [5], the primary concern is for 
inaudibility of the watermark and blind or semi-blind 
detection, meaning that the decoder does not have any 
knowledge of either the content of the cover audio or of the 
embedded watermark prior to decoding. This restriction is 
guided by the intended use of the technology.  

In this paper, we present the results of experiments 
performed to recover a bit sequence which was embedded in 
a synthesised cover audio signal consisting of randomly 
generated components. The decoding was performed 
without any reference to the original unwatermarked signal 
or the watermark itself.  

 

2.0 METHOD 

A component value is first chosen which is used as the basis 
for calculating which components to modify to hide the 
message. The initial component choice may be dependent 
on various factors, such as the type of audio used as 
host/cover. For example, human speech generally consists 
of lower frequency components – and less of them – than a 
modern Rock or Pop song so hiding data in a recording of  
speech would naturally limit the component of choice. 
However, even in such a limited range, there are still 
thousands of values to choose from.  

The value of the chosen component becomes, in effect, a 
private key and this value is needed in order to decode the 
watermark – assuming that the presence of the watermark 
has previously been detected. This adds to the security of 
the technique when used in an environment where security 
of the content of the hidden message is an issue. 

The signal intended as the cover or host audio is segmented 
into frames of uniform length and the frame is then analysed 
using ‘Complex Spectral Phase Estimation’ (CSPE) 
techniques [6] to identify the presence and magnitude of its 
inherent components. Previously, FFT techniques have been 
used to approximate the relative strengths of inherent 
components. This would be inadequate for this project, as 
exact measurement of components using the FFT is only 
possible if the component is aligned with an analysis bin. 
This is an unlikely occurrence in a real-world signal such as 
recorded music or speech. Therefore, the FFT is an 
inadequate solution to the problem of identifying exactly the 
components present. 

 

2.1 CSPE INTRODUCTION AND DESCRIPTION 

The CSPE algorithm was introduced as a method to 
accurately estimate the frequency of components that exist 
within a short time frame. It was also designed to be 
computationally efficient. It is actually related in some 
aspects to the cross-spectrogram technique of [7]. The 
principal of CSPE algorithm can be described as follows: 

An FFT analysis is performed twice: firstly on the signal of 
interest and the second time upon the same signal but 
shifted in time by one sample. Then, by multiplying the 
sample-shifted FFT spectrum with the complex conjugate of 
the initial FFT spectrum, a frequency dependent function is 
formed from which the exact values of the frequency 
components it contains can be detected. The procedure of 
the CSPE algorithm is depicted in block diagram form in 
Figure 1. 

 

Fig. 1: The flow diagram of CSPE 

Mathematically, the algorithm can be described as follows. 

Assume a real signal s0, and a one-sample shifted version of 

this signal s1. Say that its frequency is � = q + � where q is 
an integer and � is a fractional number. If b  is an initial 

phase, wn is the window function used in the FFT, 
0wsF is 

the windowed Fourier transform of 0s , and 1wsF  is the 

windowed Fourier transform of  s1,  then, from [6], we find 

1s  

Windowing Windowing 

FFT FFT 

0s  

Conjugate Multiply bin by 

Angle 

Frequency 
Estimation 

Shift 1 
sample 
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the time and another action is chosen randomly selected for
the remainder of the time, ε. The value of ε is in the range
0 < ε ≤ 1. The higher the value, the more random exploration
will occur. A similiar strategy known as ε-decreasing strategy
is what is used in this experiment. The main difference
between this and ε-Greedy is that ε decreases over a period
of time so that the agent goes through a period of random
exploration or learning before becoming totally exploitative.

III. ALGORITHM IMPLEMENTATION

To explain how Q-Learning was used for this problem, an
examination of how each state, action, and reward is structured
is provided. First, the available spectrum was broken up into a
number of channels which could be used for communication.
The number of channels available, C, that was used in this
experiment was 4, but can change depending on available
spectrum. This amount of channels was chosen to provide
a simple case, although any number of channels could be
chosen as this implementation does not suffer from scalability
problems.

The state was defined as a 2-dimensional structure

st(trt, ift) (2)

where the 1st dimension, trt, represents the number of
channels that a node is currently transmitting on at that time,
0 < trt ≤ C and, the 2nd dimension, ift, represents the
number of channels that an agent attempted to transmit on
but were in use at that time, 0 ≤ ift ≤ trt. The number of
interfering channels is based on the number of channels in
use, either by other nodes or through interference that are
within range of the node. Through sensing the environment,
a binary 2 dimensional vector, ift(c) is populated as per
equation 2.

ift(ct) =
{

1 if channel c at time t is in use.
0 otherwise (3)

where ct = 1, 2, ..., C. This vector is scanned at each
iteration upon taking an action to move to the next state. As
the network may be spread over a large area, and would not
be a fully-connected network as a result of wireless
restrictions on distance, a connectivity vector, V is used to
store what cognitive nodes are within range. This is only
needed for simulations as a real world implementation would
only be able to sense nodes within the wireless transceivers
maximum distance. There are 3 possible actions that can be
taken by an agent at a particular timestep:

• I - do nothing.
• II- acquire a channel.
• III - drop a channel.

Action I will not acquire or drop any channels, action II
will acquire a channel for transmission, and action III will
drop a channel that it already has in use. The channel that
is selected for drop or acquire is completely random in this
implementation, but future work may allow an agent to learn

which channels are good and which are bad.
There is an immediate reward or punishment received for

taking action at while in state st. Although there are many
posible ways in which to calculate a reward in such an
instance, it is important to ensure that the agent doesn’t
act in a greedy manner, by acquiring as many channels as
possible leaving other nodes in the network, or surrounding
networks starved of bandwidth. The proposed function shown
in equation 4 ensures that the number of active channels is
proportionately greater than the number of intefering channels.
The weighted interfering channels forces a punishment to
any agent that acquires a hnigh proportion of channels in an
environment where channel usage is high.

r(st, at) = trt − (trt × ift)− 1 (4)

This function ensures the channels are evenly distributed
between all the nodes of the network, and also for other
devices operating in the same environment. A simple example
would be where an agent is transmitting on 2 channels and
had also attempted to transmit and failed on another channel
after action 1 or acquire channel was chosen, the state the
agent would be in is st(2, 1). So the reward calculated based
on equation 4 is

r(s(2, 1), 1) = 2− (2× 1)− 1 = −1 (5)

In this case, it is a small punishment that the agent receives
for this state-action pair. It shows that because the agent is
transmitting on 2 channels, but interfering on one of them
channels, the reward is negative.

As mentioned in the previous section, the policy by which
the actions are chosen for Q-Learning is based on a particular
strategy, and in this case a hybrid on ε-Greedy known as the
ε-Decreasing strategy. The idea of this is, as explained in the
previous section is to allow the agent to go through a period
of random learning or exploration before exploiting what it
has learned.

Many of the simulations that we have carried out have used
a value for ε of 0.8. An example of how action selection
occurs is as follows. In the first iteration of the algorithm,
there is a 80% probability that a random action will be chosen
(exploration) and a 20% probability that the best (or max Q
value) action will be chosen (exploitation). As the algorithm
progresses, this value decreases to allow the agent to slowly
transform into an agent that selects the best action based on
what it has learned rather than randomly hopping through the
state space, thus exploiting the information it has gathered.
As ε approaches zero, the agent should eventually converge
on a stable, non-greedy state that uses an appropriate amount
of channels without causing interference to other nodes in
the environment. It then converges on a fixed state where the
agent is transfering over a fixed number of channels until the
environment changes enough to warrant a re-learning. These
changes could be due to other nodes leaving or joining the
network or other outside interference.

As this value reduces overtime and effectively controls
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whether the agent is in a learning mode or not, it should
be possible to adjust this value during the running of the
algorithm. There are numerous reasons why we would want
to do this but the most important is that the electromagnetic
spectrum is an ever changing environment, and as long as it
is slow changing, the agent can re-enter the learning phase
when the environment has changed enough as to make what
it has learned redundent. This forces the agent to re-learn so
that it can effectively operate in the altered environment again.
This can be an ongoing process where the agent goes in and
out of a learning phase whenever some metric that measures
environmental change reaches some threshold. The function
used in decreasing ε is the same as the one used in decreasing
α, which is explained below.

The convergence of a discrete algorithm to an optimal policy
is vital for this algorithm, and Watkins and Dayan have proved
that Q-Learning does converge [8] as long as a number of
conditions hold. The learning rate, αt, where 0 ≤ α ≤ 1
decreases at each iteration. We looked at 2 ways of decreasing
αt, the first being to simply decrease it by a fixed value each
time as shown in Equation 6.

αt = αt − (αt ÷ EstNumI) (6)

where EstNumI is the estimated number of iterations
needed for the algorithm to converge. Another method for
decreasing α suggested by Watkins was to decrease it based
on the number of times a particular state-action pair, α(s, a)
is visited.

α(s, a) =
1

n(s, a)
(7)

where n(s, a) is the number of times that state action pair has
been visited. This alpha value will give 1, 1

2 , 1
3 , .. at each visit

to a particular state-action pair.
Eventually the algorithm needs to converge on a particular

state which tells the agent the optimal amount of channels it
can transmit on without causing interference. This is achieved
by allowing the policy to continue choosing actions until action
0, ’do nothing’ is chosen for a fixed number of iterations,
meaning that the algorithm has reached a stage where it will
stay in the same state forever.

Finally, the greatest advantage of using this particular
implementation is the small amount of memory and
computational requirements needed. The state-action space
would be considered substantially smaller than many other
problems that use Q-Learning. In a 4 channel network there
is a maximum of 16 possible states, with 3 possible actions
making a total state-action memory space of 48. Assuming
the use of floating point numbers, the memory space used
storing these Q values is only 192 bytes.

IV. RESULTS AND FINDINGS

A. Simulation

This work was based on a simple 4-node network as shown
in figure 2 for simulation purposes.

Fig. 2. 4-Node Network

We simulated an environment where there was 4 channels
available for transmission, although the number of channels
could be altered for each individual node to simulate a real
world environment where there may be other radio operating
in the same environment. As we wanted to model this as
accurately as we could, we used nodes that could only
transmit on 1 channel and in some cases 2 to ensure that
the algorithm, for each agent or node would converge on
an optimal solution each time in different scenarios. The
way in which interference was represented in the simulated
environment was using a 2 dimensional vector. An example
of one is shown in the table below.

N0 N1 N3 N2
N0 0 1 1 0
N1 1 0 0 1
N3 1 0 0 1
N2 0 1 1 0

Table 1. Sample interference vector over all nodes where 0
represents if two nodes are not in interferable range and 1 if

they are in range.

Each node, as mentioned above has an interference vector
which holds details on which nodes are within range that could
cause interference upon acquiring a channel. The connecting
lines in Figure 2 represent 2 nodes being within interfering
range. For example, node 0 is within interfering range of nodes
1 and 3. For the purpose of these simulations, this table was
used for determining interferable nodes within the network. In
a real world case, each node would need to determine which
nodes are within range themselves. We implemented this in
Java, as this was the first authors main language. Although
this sufficed, future work will include implementing this on a
number of SDR’s, which would require a C implementation.

B. Results

The simulations carried out were mainly focused on dif-
ferent rates and different decreasing factors for ε, γ and λ.
We also looked at how the overall interference throughout the
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network reduced as the agents neared convergence. Finally, we
looked at using different forms of action selection strategies.

1) Experiments and final states: As discussed above, for
each independent node, it will eventually settle on a state
which would hopefully maximise spectrum usage without
causing any interference with other nodes. Simple 4-node
experiments have shown that this is the case. A sample
of some of the experiments is shown in Table 2 and have
shown good results. In each case, the output shows that the
algorithm has converged on an optimal solution that uses the
maximum amount of channels possible for each node without
causing interference.

Node0 Node1 Node2 Node3 Output
1 4 4 4 4 2,2,2,2
2 4 1 4 4 2,1,2,2
3 4 1 1 4 3,1,1,3
4 4 4 1 1 2,2,1,1
5 4 2 3 4 2,2,2,2
6 4 1 4 1 2,1,2,1

Table 2. Output of results of channel usage

The values shown in Table 2 for each experiment represent
the number of channels available for transmission for each
node. The output is the number of channels the algorithm
converged to for each node respectively. In each of these cases,
the number of channels is the maximum amount possible
without causing interference with other nodes. The channels
have also been divided equally without any communication or
passing of information.

2) ε-reduction: The speed at which the algorithm converges
on a solution depends alot on how ε is reduced. The faster
this value is reduced, the quicker the algorithm moves into
the exploitation phase. Results have shown that the faster ε is
reduced the less chance it has to explore the state-action space
in full and thus usually results in the algorithm converging
on a bad solution. Figure 3 shows sampled results of how the
interference of a single node transitions during the course of
the learning of the environment every 1000 iterations.

It can be seen that for a large amount of the iterations
at the beginning of the algorithm, the node is interfering
on all four channels available, but as it begins to transition
into the exploitation phase, this number slowly digresses and
eventually does not interfere on any channel. It has been
explained that one of the rates at which ε decreases is based
on the function:

εt = εt − (εt ÷ EstNumI) (8)

In the case above, a value of 100,000 has been set for
EstNumI , meaning that at each iteration, it will be decreased
by εt ÷ EstNumI . If EstNumI is decreased substantially,
thus causing a faster decrease in ε, the algorithm will act in a
much more erratic manner and will fail to converge on a fair
solution. Figure 4 illustrates an example where EstNumI
is set to 15000. It shows how in comparison to Figure 3,

Fig. 3. Single Cognitive Node Interference Pattern over the course of learning
environment in a 4 node 4 channel network.

the algorithm fails to reduce the number of channels it is
interfering on, and although it converges much quicker than a
higher EstNumI , each node will not acquire a fair amount of
channels, with the one below acquiring all 4 channels, causing
interference on the network with some nodes, whilst causing
other nodes to not acquire any.

Fig. 4. Single Cognitive Node Interference Pattern where the algorithm does
not converge on a good solution.

Therefore the selection of EstNumI , must be large enough
to allow an agent to traverse the state-action space enough
before reaching an exploitative phase.

3) ε-Decreasing vs. ε-Greedy: The action selection strategy
which appeared to work best was ε-Decreasing. Many of
the experiments carried out using ε-Greedy resulted in the
algorithm taking much more iterations to converge. While in
comparison to ε-Decreasing, which converged very quickly as
long as robust values were chosen for the different rates. ε-
Decreasing allowed for greater exploration at the beginning,
and greater exploitation towards convergence. This suited the
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needs of the experiments as the goal was to find an optimal
solution for channel allocation.

4) γ-Selection: How much of the future rewards the al-
gorithm takes into account during the exploration phase very
much depends on the initial selection of the discount factor, γ.
It has already been shown that Q-learning will converge with a
probability of 1, but what it converges to may not be good for
what the algorithm hopes to achieve. It has been noted that
the smaller γ is, the less the probability that the algorithm
could converge on a good solution, and usually resulted in a
number of the nodes acting in a greedy fashion while other
nodes not being able to acquire any channels. A lower bound
on the learning rate was discovered, and if it was set below this
bound, these problems would occur. As long as γ is greater
than the lower bound specified in Equation 8, the algorithm
will strive to find a long term goal as opposed to only focusing
on current goals.

γ ≥ 0.5 (9)

It was also noted that any value over this threshold made
very little difference in the both the number of the itera-
tions needed to converge and the solution that the algorithm
converged to. What is different between λ and the other
variables is that it is fixed. It does not decrease or increase
throughout the course of the algorithm. This threshold is based
on the fact that γ is a discount factor for future awards. As
this approaches zero, the less the algorithm considers future
rewards of importance. This makes each individual agent work
in a greedy fashion and only consider current rewards.

5) α-Selection (initial): The learning rate, α as discussed
earlier determines how much the algorithm takes into account
what it learns at each iteration over what it has previously
learned. In comparrison to other uses of Q-Learning, the
importance of alpha is quite low. It has been noted, through
multiple experiments, that as long as there is robust selection
for ε and γ, it does not matter what initial value is selected for
α as long as it follows the basic criteria of being decreased
appropriately through time (iterations) and in the range
0 ≤ α ≤ 1.

V. FUTURE WORK

This research is still in the early stages, and current work is
focusing on implementing such an algorithm on a number of
Software Defined Radios (SDR) to develop a working example
of how Q-Learning could be used in solving this problem.
The Maynooth Adaptable Radio System (MARS) has been
under development at NUI Maynooth’s electronic engineering
department since 2004 [9].

Current software demonstrations allow for transmission of
images using the IRiS software architecture developed at
the CTVR, Trinity College, Dublin and a large number of
waveforms using a MARS demonstration application from
a transmitter to a receiver. Implementing the Q-Learning
algorithm on the MARS boards will give us a working example
of a machine learning algorithm to this problem in a real world

Fig. 5. MARS Receiver and Transmitter Boards

environment, although there are a number of challenges to
overcome first. Currently the transmitter and receiver boards
run off separate machines, and since cognitive radios need
to be fully duplex for both scanning and receiving, there is
a need to have both boards running on the same machine.
Current work will focus on determining if the kernel will be
able to recognise both boards running concurrently.

There are also a number of improvements to be made to
the current algorithm. For example individual channels can be
included so that agents will be able to differentiate between
good channels and bad channels as opposed to whether a
number of channels to use is good or not. This would vastly
improve the performance of the algorithm in terms of avoiding
interference.

Although this is a completely independent learning algo-
rithm with no co-operation with other nodes, it may be worth
exploring what advantages some limited communication may
have between nodes. One such example could be passing
information about bad channels between nodes based on some
threshold of the Q-Values. It has been mentioned that there
is no communication between nodes, but in the real-time
implementation, there may need to be a small low bandwidth
control channel for communicating which channel a node is
going to transmit on to another node.

It may also be worth exploring how well a centralised
approach would work using the Q-Learning algorithm by
using a master-slave setup in a network. This would involve
one fat node doing much of the computation and using a
control channel to transmit channel usage information back
and forth.

VI. CONCLUSION

In this paper, we have presented a simple RL technique
for channel assignment in a network of independent cognitive
nodes. This is achieved using a self-learning scheme based
on a TD learning algorithm known as Q-Learning using a 2
dimensional state in an unknown environment. Q-Learnings
suitability to this is has been shown as it can take in unknown
situations and act upon them using its own experiences.

Simulations carried out on a 4 node network with 4
channels have shown good results in fair non-greedy channel
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assignment, so much so as to pursue implementing this
on a number of Software Defined Radios in a real time
environment with the future goal being to use this as a
benchmark to measure other machine learning algorithms
abilities to perform this task.
The most significant advantage of this implementation is how
small the memory, bandwidth and computational requirements
are in comparison to many other cognitive radio channel
assignment schemes.
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Abstract—Techniques for observing the flow of people are
creating new means for observing the dynamics between people
and the environments they pass through. This ubiquitous con-
nectivity can be observed and interpreted in real-time, through
mobile device activity patterns. Recent research into urban
analysis through the use of mobile device usage statistics has
presented a need for the collection of this data independently
from mobile network operators. In this paper we demonstrate
that by extracting cumulative received signal strength indication
(RSSI) for overall mobile device transmissions, such information
can be obtained independently from network operators. We
present preliminary results and suggest future applications for
which this collection method may be used.

Index Terms—RSSI, Erlang, human monitoring, geo-temporal
weighting.

I. Introduction

Mapping applications which present the flow of human
activities are now becoming increasingly common, one of the
main contributions to this is the vast amounts of information
made available from mobile devices. In 2007 the number of
mobile phones in Ireland numbered 5.3 million [1] while the
human population numbered 4.3 million [2]. It is quickly
becoming the norm in the developed world that mobile phone
devices are outnumbering people. The developing world too
has seen a rapid surge in mobile device numbers as mobile
networks are often easier and cheaper to install compared to
that of landline networks.

As a result of this ever expanding technology, activities that
once required a fixed location and connection can now be
achieved with higher flexibility, which enables users to act and
communicate more freely. The usage patterns obtained from
mobile device activity can enable us to model the dynamics
of human flow in modern environments [3].

The ability to detect such activity has become increasingly
important due to growing interest in the provision of loca-
tion based services (LBS). LBS researchers have developed
techniques for the detection of people in the proximity of an
area other than through examining mobile usage statistics. One
common approach is to use vision based techniques which
utilises camera surveillance systems to identify crowd numbers
and behaviour [4], [5], [6]. However, theses types of systems

invoke certain social issues with regards to privacy [7], [8].
As stated in Doyle et al. [9], the mobile phone usage statistic

commonly employed in mobile usage mapping applications
is a measure of network bandwidth used. Typically, this is
collected at a base station within a mobile operator’s network,
or by use of special software installed on mobile phones. The
metric by which this activity is measured is known as an Er-
lang. An Erlang is one person-hour of phone use, which could
represent one person talking for an hour, two people talking for
half an hour each, 30 people each speaking for two minutes,
and so on [10]. A more modern interpretation of this metric
would be to consider the quantity of digital data transferred,
regardless of the form of communication, such as voice, SMS,
and data. This method was valuable in the past due to the
restricted nature of mobile telecommunications which were
fundamentally voice-only networks. Modern networks have an
progressively diverse range of usages which do not linearly
correspond to intensity of communication. For instance text
messaging uses very little bandwidth though is an important
form of communication.

As an alternative to collecting data throughput measure-
ments, we have adopted a technique for monitoring the cu-
mulative electromagnetic energy in the frequency band of
client-side mobile phone transmissions (i.e. mobile device
to base station transmission band). By analysing these RSSI
values over time and space through a collaborative network of
sensors, we propose that results can be obtained that are of
comparable quality to the more invasive network bandwidth
metrics (Erlang). Such measurements can be easily achieved
using well known circuitry for Received Signal Strength
Indication (RSSI) [11], [12]. The information gathered is
inherently anonymous due to the absence of information
decoding. As a result, it is impossible to deduce individual
identities or phone information content from the raw data
collected and stored in the proposed system, thus avoiding
the potential ethical issues faced by both vision based and
network operator polled systems.

In the rest of this paper, we highlight the use of an energy
detecting device to monitor mobile spectrum activity for the
purpose of mapping mobile device activity. Section II gives
an overview of some related work in this field. Section III
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describes the proposal put forward by this paper. Section IV
details the experimental setup adopted to measure the temporal
RSSI data, from which useful information is extracted. Sec-
tion V presents the results of experiments carried out focusing
on the collection of RSSI mobile device data under different
scenarios. Section VI summarises the conclusions of the work
to date and outlines future directions for research.

II. Background

This section presents on overview of some work related to
the collection and analysis of human movement data. This
can be grouped into real time urban flow mapping, location
tracking and spectrum strength collection.

A. Real Time Urban Flow Mapping

The emergence of new mapping applications which present
the flux of people in an attempt to demonstrate the dynamics
of metropolitan cities highlights the recent growth and interest
relating to tracking human flow on urban scales. Over the last
few years this research area has seen steady growth with large
projects starting in European and Asian cities. The monitoring
of mobile phone usage patterns has been the major data
source used to extract the human behavioural patterns needed
for these applications. Other sources such as passive tolling
of Bluetooth devices, as well as techniques including GPS
tracking and short range tracking have been utilised in the
past but theses do not scale easily in urban environments.

Amsterdam Real Time [13] and Cityware Research
Group [14] are examples of such projects. The Amsterdam
Real Time project aimed to construct a dynamic map of
Amsterdam, Netherlands, based on trace lines produced from
the collection of GPS data relating to peoples movements.
Each person volunteered in the experiment and was equipped
with a GPS receiver. This receiver fed the GPS coordinates of
the volunteer to a central system in real time. Maps produced
were solely based on this GPS data. In the UK, the Cityware
research group supplemented the pedestrian flow data typically
gathered as part of a space syntax analysis with data on
Bluetooth devices passing through pedestrian survey gates.

To date there are two main methods for the gathering
mobile usage information: data collection at the operator level;
and through modified mobile phone software. The first area
requires the cooperation of mobile operators to provide data
on a macro level of urban areas. Graz in Real Time [15],
the Mobile Landscapes project [3], Real Time Rome [16] and
Bangkok Metropolitan Project [17] are examples of projects
which utilised this network operator data.

The Graz in Real Time project is a real time mobile phone
monitoring system based on cell phone traffic intensity, traffic
migration (hand overs) and traces of registered users as they
moved through the city of Graz.

The Mobile Landscapes project collected network usage
data in the Milan, Italy. When combined with the geograph-
ical mapping of cell areas, a graphical representation of the
intensity of urban activities and their evolution through space

and time was produced. From this they were able to detect
events such as national holidays and major sporting events.

The Real Time Rome was MIT’s SENSEable City Lab-
oratory contribution to the 10th International Architecture
Exhibition in Venice, Italy. The project was the first example
of an urban-wide real time monitoring system that collects
and processes data provided by telecommunications networks
and transportation systems. It used location data from mobile
phone subscribers provided by Telecom Italia, public buses
ran by a local transport company Atac and taxis run by the
cooperative Samarcanda.

Horanont and Shibasaki [17] presented an implementation
of mobile sensing for large-scale urban monitoring in Bangkok
Metropolitan, Thailand. They used Erlang data from Advanced
Info Service PLC (AIS), a leading mobile operator in Thailand.
They showed that large scale monitoring of clusters of Erlang
data from mobile base stations were able to provide indirect
interpretations of spatial patterns of urban life and its temporal
dynamics.

However, there are difficulties with this approach, most
notably the legal and privacy issues that prevent operators
delivering such information to outside researchers. In addition,
even with best efforts, there is no guarantee that data from
theses sources is always available, complete or accurate. Net-
work operators continually optimise their network throughout
the day, using temporary towers. This adds to the level of
uncertainty into these fixed point measurements as network
topologies become more dynamic. A more fundamental issue
arises regarding spacial accuracy as the spatial resolution of
the usage statistics is dependent on both the operators network
topology and base station hardware.

As a result approaches have emerged which aimed to ad-
dress these issues by placing embedded software applications
on the mobile devices to log data. Estonia group project [18]
and MITs Reality Mining project [19] are examples of projects
which utilise this approach.

Ahas and Mark [18] tracked the mobile phones of 300 users
for a social positioning application. They combined spatio-
temporal data from phones with demographic and attitudinal
data from surveys, creating a map of social spaces in Estonia.

MITs Reality Mining project illustrated that it was possible
to extract common behavioural patterns from the activities of
94 subjects. The subjects were issued with mobile phones pre-
installed with several pieces of software that record and sent
research data on call logs, Bluetooth devices in proximity, cell
tower IDs, application usage, and phone status. This yields
valuable, person specific results but the solution may not
be easy to scale considering the large numbers needed to
represent urban and suburban populations.

B. Mobile Phone Location Tracking

Most indoor environment based localisation research to
date has focused on the accurate localisation of objects and
people using short-range signals, such as WiFi [20], [21], [22],
Bluetooth [23], ultra sound [24], and infra-red [25]. Outdoor
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localisation is almost exclusively performed using the Global
Positioning System (GPS).

Otsason et al. [26] showed that an indoor localisation
system based on wide-area GSM fingerprints can achieve
high accuracy, and is in fact comparable to an 802.11-based
implementation. To date there are two major ways for mobile
phone locations to be tracked in mobile networks, namely
network-centric and device-centric localisation. In network-
centric systems, base stations make the measurements of
distance to a mobile phone and send the results to a cen-
tralised location at which the location of the mobile device
is calculated. In device-centric systems, the handset performs
the calculation itself on the basis of environmental information
gathered from the network. Hybrid solutions are also possible,
which try to combine the advantages of both.

The American National Standards Institute (ANSI) and
the European Telecommunications Standards Institute (ETSI)
stated that mobile positioning systems can be classified under
the following technologies: cell identification, angle of arrival,
time of arrival, enhanced observed time difference, and as-
sisted GPS [3].
• Cell identification; The available coordinates of the serv-

ing base station are associated with the mobile device.
The accuracy of the locational information depends upon
the physical topology of the network.

• Angle of arrival (AoA); The AoA method uses data from
base stations that have been augmented using arrays of
smart antennas. This allows the base station to determine
the angle of incoming radio signals, making it possible to
then determine the location of a handset by triangulating
known signal angles from at least two base stations.

• Time of arrival (ToA); Position here is determined by
triangulating the time needed for a packet to be send
from a phone to three finely synchronised base stations
and back.

• Enhanced observed time difference (E-OTD); This re-
quires handsets to be equipped with software that locally
computes location. Three or more synchronised base
stations transmit signal times to the mobile device, the
embedded software of which calculates time differences
and therefore distance from each base station making
triangulation possible.

• Assisted global positioning system (A-GPS); Here devices
use both GPS and a terrestrial cellular network to obtain
geographic positioning.

C. Spectrum Signal Strength Collection

To collect the cumulative electromagnetic energy in the
frequency range of client-side mobile phone transmissions,
one must be able to measure and quantify the energy in the
specific energy band occupied by client-side mobile phone
transmissions. This is effectively measuring the signal strength
in a specific frequency band of energy [11], a common
technique in wireless communications. To do this reliably an
energy detecting device is used which returns a received signal
strength indication (RSSI) parameter. Energy detecting devices

can easily be purchased or built. Due to such readiness in
availability, RSSI has been considered in the past as a sensing
parameter. A number of applications have provided insight into
its usefulness, both Wu et al. [27] and Stoyanova et al. [28], in
particular, describe the key issues which affect RSSI accuracy.
They are summarised as:
• The orientation of the antenna;
• Transceiver variation;
• Multipath fading and changes in environment.
Multipath fading and environment changes contribute the

main variance in RSSI data. This relates to part of the
electromagnetic energy radiated by the antenna of a transmitter
reaching a receiver by propagating through different paths.
Along these paths, interactions known as propagation mecha-
nisms may occur between the electromagnetic field and various
objects. To model theses mechanisms, propagation prediction
models have been devised to provide an accurate estimate of
the mean received power or path loss (PL) for a specified
frequency band based on geographical information about the
environment. Empirical, semi-deterministic, and deterministic
models are the main classes which describe mobile channel
characteristics [29]. As these propagation models describe how
a signal may act in a given environment, they must be used
when trying to gain insight into positions of signal sources.

In recent years cognitive radio systems [30], [31], [32] have
become increasingly viable and signal strength measurement
is a key element in the detection of primary user spectral occu-
pancy. To improve performance, they have explored a number
of techniques that can be used to address these issues, such
as collaborative sensing between multiple RSSI detectors [33],
[34]. By cross-correlation and signal processing, non-random
signals can be detected and analysed. Similar approaches can
be applied with existing transmissions to detect usage and
extract statistical patterns.

III. Proposal

Our proposal is based on the measurement of localised
cumulative strength of mobile device emissions through the
use of an RSSI sensor. We propose that this data can provide
a suitable alternative to operator obtained data. Results will
demonstrate the proposed method can capture mobile phone
activity and display the spacio-temporal patterns contained
within.

As an alternative sensing parameter, cumulative received
signal strength (RSSI) offers several advantages over network
usage data;
• RSSI data can be collected without the cooperation of

mobile operators or mobile device user.
• RSSI as a metric is independent of modulation type, so

RSSI can be used for GSM protocols and 3G protocols.
• Geo-spatial RSSI data can provide fine resolution making

it possible to localise events very accurately and quickly.
• RSSI collection hardware can easily be modified to

observe different metrics, making a network deployment
very flexible.

77



However, individual sensor measurements of wideband sig-
nal strength measurements have limitations in terms of lo-
calised accuracy. This is due to limiting channel characteristics
and the inability to distinguish between a single near device
transmitting with high power and several users far away trans-
mitting with low power. The question then is how to reliably
collect this information taking into account such factors.

By adopting techniques commonly utilised in cognitive
radio systems, we propose that these accuracy issues may be
mitigated. First, by spatially and temporally weighting each
RSSI data point form a sensor with corresponding points
from other radios in the geographical area nearby, the RSSI
accuracy can be improved [33] [34]. Second, modelling the
environment with accurate models will help quantify the data
and give insight into its behaviour. Third, calibration with
respect to base station coverage will reduce effects caused by
mobile device transmission power variation. Finally, the spatial
sampling topology of the sensor network will be a dominant
factor in determining performance, particularly when variable
sensor heights are also considered. Thus methods for insuring
topology uniformity must be taken into account.

To distinguish between the RSSI signal generated by one
user near the sensor and several users further away we will
deploy a dense network topology. This will insure that spectral
energy readings from each sensor can be localised to some
degree. To localise such activity there are several possible solu-
tions. One is to localise activity based on a sensor identification
technique, similar to the cell identification used to identify a
mobile device position in a cellular network. Here the sensor
node with the associated highest RSSI value is deemed to be
the coordinate of the activity. This will however offer reduced
spatial resolution. Thus a more advanced technique, which
combines multi-sensor information, would be a more suitable
approach.

IV. ExperimentalWork
A. Experimental Setup

Our experiments were based on the measurement of
localised cumulative strength of mobile device emissions
through the use of a custom-made RSSI sensor. The main com-
ponent used to measure the RSSI intensity was a true power
detector from Analog Devices (chip part number AD8362)
paired with a single omni-directional GSM 900 antenna. The
AD8362 device returns a voltage which linearly corresponds
to the RF spectrum power passed through it. It operates with a
65dB dynamic range, ranging from -55dB to 10dB. To obtain
a measure of the performance, experiments were carried out
within a building on NUI Maynooths North Campus. The
measured performance of two such sensors were compared
to that of a spectrum analyser, the results of which can be
found in Section V.

Doyle et al. [9] described the capabilities of such a sensor
with respect to picking up different types of phone activity.
This paper highlighted the capability of such sensors for pick-
ing up even shorter bursts of mobile transmission energy with
both text message and phone call activity clearly identified. A

technique for the extraction of areas of high temporal dense
activity was also demonstrated. From this information, areas
around each hour mark of high temporal density were high-
lighted, these times coincided with the starting and finishing
times of lectures, thus demonstrating that RSSI can provide
the information needed to monitor human behaviour.

To further validate the capabilities of the sensing devices
and feature extraction methodology, we designed two experi-
ments which tested different scenarios of mobile phone activ-
ity. The focus was to test our method for geo-spatial temporal
weighted signal processing. Both experiments took place in
the foyer of the Engineering building at NUI Maynooth under
controlled conditions (no other phone activity). The result can
be seen in Section V.

• Experiment 1: Obtain RSSI measurements from a phone
call while a person is walking in a uniform direction. The
path taken is depicted in Fig. 1a.

• Experiment 2: Measure readings from a phone call while
a person is walking in a non-uniform direction. The path
taken is depicted in Fig. 1b.

Path walked while making phone call

Position Of Sensors

A

B

(a) Path taken in Experiment 1

A

B

(b) Path taken in Experiment 2

Fig. 1: Layout of sensors and path walked by a phone user
for a controlled test carried out in Engineering foyer on NUI
Maynooth’s North Campus. A and B indicate the positions of
sensors A and B respectively.

B. Processing Method

Various signal processing algorithms can be applied to assist
with extracting interesting patterns from measured mobile
phone signal strengths. Our approach has focused on a geo-
spactial temporal based scheme that identifies time periods
with interesting behaviour. One early implementation is ex-
plained in this Section. Its layout is depicted in Fig. 2.

The spectral energy, which was sampled at a rate of 2kHz,
and is denoted as s(k). The signal processing method applied
to these samples consists of four stages.

• Stage 1: Detect the presence of a mobile transmission as
governed by a cut-off threshold τ

sτ(k) =

⎧⎪⎪⎨⎪⎪⎩
0 if s(k) < τ
s(k) if s(k) ≥ τ (1)
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sG(i, j, k)

sf(k)sb(k)s (k)

s(k)
Geo-Spacial

Temporal

Weighting

Fig. 2: Signal processing performed on raw RSSI data. Feeding output back into the geo-spactial temporal weighting stage
gives an nth order weighting.

where τ in this instance is chosen to be -55dBm, the
minimum detectable level of the energy detecting chipset.

• Stage 2: Downsample the data by a factor of T , this is
done by replacing every block of T samples by its average

sb(i) =
1
T

iT∑

k=(i−1)T+1

sτ(k) (2)

where sb(i) is the downsampled data set and T is the
downsampling factor. Decimation should be application
specific. While it can trim down the noise within the
data, excessive decimation may reduce the signal of short
temporal events, such as text messages.

• Stage 3: Smooth the data using a moving average filter
(MAF) of width (2W + 1) samples

s f (i) =
1

2W + 1

i+W∑

p=(i−W)

sb(p) (3)

where s f (i) is the resulting filtered data set.

• Stage 4: Given a vector of readings from a set of n

sensors

s(k) = [s1(k), s2(k), s3(k), . . . , sn(k)] (4)

apply a geo-spatial temporal weighting using a truncated
Gaussian Kernel. Here, si(k) the sensor reading from
the i’th sensor, has an associated coordinate in space
(xi, yi) relating to the position of the sensor. To achieve
this weighting, points are calculated in space-time by
a collaborative weighting of readings taken from each
sensor node. A point in space-time sG(x, y, k) can be
calculated using,

sG(x, y, k) =
k+ j∑

p=k− j

n∑

i=1

gip(x, y, k)si(p) (5)

where gip(x, y, k) is the geo-spatial temporal weight cor-
responding to reading si(p) and 2 j + 1 is the width of
the truncating window in time. The weight gip(x, y, k) is
given by

gip(x, y, k) = gβ(x, xi)gβ(y, yi)gβ(k, p) (6)

where

gβ(u, v) = e
−
⎛⎜⎜⎜⎜⎜⎜⎝
u − v

σuβ

⎞⎟⎟⎟⎟⎟⎟⎠
2

. (7)

Here, u and v are placeholders for the corresponding
variables in Eq. 6. σu denotes the initial spreading factor
assigned to each dimension and β is a scaling factor
controlling the spread given to those points whose weight
is over the lower limiting threshold γ such that,

β =

⎧⎪⎪⎨⎪⎪⎩
1 if si(k) < γ
c if si(k) ≥ γ (8)

where c > 1. The effect of this stage is to weight each
RSSI data point from a sensor with corresponding spatial
and temporal points from other sources such that readings
that are both spatially and temporally close are amplified.

V. Results

The results shown here reflect measurements of wide band
mobile phone RSSI taken on NUI Maynooth North Cam-
pus. Fig. 4 illustrates the sensitivity comparison between a
spectrum analyser and RSSI sensors, whose architecture is
described in Section IV-A. It can be seen that the readings
from RSSI sensors, though less precise, resemble that from a
spectrum analyser.

Fig. 3 presents the measurements collected in an experiment
prior to geo-spatial temporal weighting. The experiments are
carried out to verify the ability of signal processing algorithm
to highlight the movement of mobile devices in an indoor
environment. Fig. 5 and Fig. 6 show how the geo-spatially
temporally weighted points in space may be visualised in the
form of contour maps that highlight device activity picked up.

The temporal shift of energy can clearly be observed as the
positions of the phone calls, in voice communication mode,
vary in space. Currently, a preliminary method is employed
to interpolate the data over space. This consisted of adopting
the sensor nodes positions as the centre of energy annealing
the signal as we moved further out. Note weights represented
in each contour plot are relative measures compared to that
of surrounding areas. As a result the measure of dominance
should be considered relative and not as an absolute value.

Future work will involve more advanced methods which
may take into account pre-defined information gathered from
geographical information systems (GIS) and channel models
relating to the mobile spectrum band of interest. Nevertheless,
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(a)

(c)

(b)

(d)

Position Of Test Phone Call

Position Of Sensors

Fig. 4: RSSI measurements obtained in the foyer of NUI Maynooth’s Electronic Engineering building showing the relationship
between the sensor nodes used and a spectrum analyser: (a) locations of calls made in the foyer, the positions of the sensing
nodes and spectrum analyser; (b) readings taken from a spectrum analyser; (c) readings taken from sensor A; (d) readings
taken from sensor B

Experiment 1 Experiment 2

Sensor A

Sample No.

(a) RSSI measurements obtained from sensor A

Sensor B

Sample No.

(b) RSSI measurements obtained from sensor B

Fig. 3: RSSI measurements obtained in the Engineering foyer
of NUI Maynooth for both experiments 1 and 2.

these early results suggest that localised cumulative RSSI data
could be a valuable source of information when trying to
extract flow information from mobile devices.

VI. Conclusions

This paper summarised the work being carried out in the
area of mapping mobile phone activity on urban and localised
scales. At the same time, an overview is presented on popular
localised tracking techniques and issues which relate to the
reliable measurement of mobile spectrum RSSI. Experiments

demonstrate that the detection of mobile spectrum RSSI can
provide useful information when monitoring mobile device
activity in a localised context. This information is gathered
without the cooperation of mobile network operators or users
and retains usage anonymity due to the lack of information
decoding. We presented a preliminary technique for the de-
tection and visualisation of mobile activity flow within indoor
environments.

This proposed approach could also be used to complement
traditional techniques for mapping mobile device activity. For
instance, one could use the network operator data, if available,
to model the dynamics of a city or town while localised RSSI
data, within such an urban environment, is used to observe the
dynamics of specific buildings or localised areas. Nonetheless,
our research is still in its preliminary stages, so additional
validation is needed.

For this purpose, a mobile sensor network aimed at the
collection of RSSI data is under construction. It will first be
distributed throughout the North Campus of NUI Maynooth
with a view to expanding it into the nearby South Campus
and town of Maynooth in longer term. This project will offer
an opportunity to understand some of the dynamics relating
to university student life. Moreover, focusing on temporal and
spatial patterns of mobile phone activity may shed light on
how we interact with our local environment.

We hope to address such questions as how buildings really
used on campus, how to determine where people can be found
as opposed to where they pass through and how to identify
interesting localised events as they occur in time and space.
The answers to these questions would pave the way for a
number of interesting applications. A real time map of human
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A

B

(b) Sampled at 12.5s (c) Sampled at 18.75s

(d) Sampled at 25s (e) Sampled at 31.25s

Fig. 5: Mapping of RSSI information obtained after the geo-
spatial temporal weighting process for time slot of experiment
1 in Fig. 3 at different sampling times.

flow could be produced showing the real time movements of
student population, both indoor and outdoor. The map could
provide insights to university planning authorities to decide on
the location of student services or emergency services in the
event where rapid response is required.
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Abstract—Many studies have shown that the effective harness-
ing of ICTs is critical in local, national, and global efforts to
adapt and mitigate the effects of climate change. Citizens must be
provided with accurate information about environmental issues
and should receive this through the most effective communication
channels available. In this paper we describe work in progress
in evaluating Twitter as a means of distributing environmental
information to citizens. This work will attempt to measure how
effective the Twitter medium can be in environmental awareness
campaigns for issues such as climate change by carrying out an
analysis of a regularly updated database of Twitter messages.
This work will also look to establish if users are environmental
issues through their Twitter networks.

I. INTRODUCTION

The online social network Twitter.com (http://twitter.com/)
and environmental issues such as climate change and pollution
are both inextricably linked with today’s popular culture and
mass media. In this introductory section we provide a brief
overview of both Twitter and the natural environment in order
to emphasise their individual positions in modern society,
popular culture, and the mass media. We also provide a brief
literature review of research carried out on the applications of
Twitter and its social impact.

A. Influence of Twitter

Twitter is used by millions of people around the world to
stay connected to their friends, family members and coworkers
through their computers and mobile phones. The interface
allows users to post short messages (up to 140 characters)
that can be read by any other Twitter user. Users declare the
people they are interested in following, in which case they get
notified when that person has posted a new message. A user
who is being followed by another user does not necessarily
have to reciprocate by following them back, which makes
the links of the Twitter social network directed. Zeichick
summarises Twitter as the ability to “post and follow text
messaging using a browser, special desktop applications, or
mobile applications on smartphones” [1]. He comments that
with key news media, such as the New York Times and

the Telegraph, writing frequently about Twitter we have an
indication that “it (Twitter) has passed the stage where it
is only for early adopters”. Some newspapers have begun
to publish getting started guides for Twitter such as “How
to make the most of Twitter” from The Guardian [2]. The
ubiquitous nature of Twitter is reflected in media reports
in the UK from early 2009 where proposed primary school
curriculum changes were discussed. These changes would
allow schools greater flexibility in what they teach including
plans to teach school children the fundamentals of using Web
2.0 technologies such as Twitter and Wikipedia [3].

B. Environmental Problems

Since the end of 2006 climate change has gradually become
the hot topic [4] amongst all other environment problems. A
large number of events, reports, movies, etc. for example the
Stern Review, Fourth Assessment Report of the Intergovern-
mental Panel on Climate Change [5], Conference of Parties
13 in Bali, the Live Earth Global Concert have generated
increasing media coverage on climate change issues [4]. Con-
ventional environmental awareness campaigns strongly rely
on information to change attitudes. To make climate change
communication effective, more sophisticated alternatives are
suggested, such as harnessing tools and concepts used by
brand advertisers, so as to make being climate-friendly de-
sirable rather than a duty or matter of obedience [6]. Climate
change affects every citizen at every level - local, regional,
national, and global [7]. Some authors [8] have looked at
the reporting of climate change in the mass media. Results
of this analysis[8] show that scientists tend to be associated
with an emphasis on environmental problems and causes while
politicians and special interests tend to be associated solutions
and remedies. A major European Commission survey revealed
that “pollution in towns and cities and climate change” are the
most frequently discussed environmental topics amongst EU
Citizens and this reflects the intense public discussion on these
topics[9]. Almost 57% of EU Citizens surveyed placed climate
change as the number one issue that “worried them about the
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environment’. The report states that “this further reinforces
the observation that climate change has become one of the
top concerns in the environmental debate”.

C. Users and Usage Patterns on Twitter

As we will discuss in Section II below Twitter.com pro-
vides an API to access the Twitter service. This has assisted
researchers in carrying out research on various aspects of
Twitter. Many novel applications have been developed. Twitter
has allowed professionals in the area of health-care simula-
tions [10] and education to begin “open sharing of relevant
and useful knowledge allowing the community to adapt and
evolve faster to the rapidly changing health care environment”.
The social possibilities of mobile technology in transitional
spaces such as public transport has been investigated where
researchers designed a location-based friend finder for Twitter
that displays only people in the same train as the user in
the Stockholm subway [11]. Java et. al present a taxonomy
characterising the underlying intentions users have in making
Twitter posts by aggregating the apparent intentions of users
extracted from Twitter posting data [12]. This analysis shows
that Twitter users with similar intentions connect with each
other successfully and find each other amongst the many
other millions of users. Other work [13] has gathered Twitter
posts from nearly 100, 000 users using deep searches of
the Twitter network sampled collections from the publicly
available timeline. The authors identified three distinct classes
of Twitter users. Firstly there are users who have a much larger
number of followers than they are following themselves. These
include media outlets, Hollywood stars, etc. The second group
called acquaintances are users exhibiting a certain symmetry
in their Twitter relationships - that is they follow people who
follow them. The final group is a small group who have
the common characteristics that they are following a much
larger number of people than they have followers. These are
usually people who contact everyone in the hope that they
will get a high following. Other research has investigated if
Twitter operates a form of online “word of mouth branding”
[14]. The authors analysed almost 150, 000 Tweets containing
branding comments, sentiments, and opinions. Of the 20% of
these tweets found to contain branding comments almost 50%
contained positive sentiments about certain brands. Twitter
was seen to have had an influential role in the successful
presidential campaign of Barack Obama. “On election day,
the Obama campaign used Twitter to post toll-free numbers
and texting strings for finding polling locations, connecting to
volunteer opportunities, and making contributions” [15].

II. USING THE TWITTER API

Twitter.com provides a REST API (REpresentational State
Transfer Application Programming Interface) which allows
developers to perform most tasks that users might otherwise
perform with their Twitter account using the forms on the
Twitter website. With the API developers can retrieve the last
20 tweets of the accounts the authenticated user is subscribed
to, of all unprotected users, or of a specific user. The API

provides a means for the programmatic sending and deleting
of tweets, direct messaging, friendships, notifications, account
blocking, favorite messages, etc. The REST API is relatively
easy to use from any programming language that can perform
and handle HTTP GET actions for sending URLs to a server.
For most popular programming languages developers can find
a Twitter API library allowing the sending and receiving of
tweets and performing of other Twitter-related search and
query information using the syntax and data structures of
the specific programming language. There are libraries for
the Twitter API in Java, PHP, C++, Ruby, .NET, and PERL.
To retrieve information (tweets, searches, user lookups, etc)
from Twitter one can easily use command line tools such
as wget or curl to send a specially formatted URL to
the Twitter server and receive information back in plain text
format (JSON or XML). To make use of this information it
must be parsed. This is where the Twitter API Libraries for
the programming languages mentioned above becomes very
useful. By querying the Twitter system using the Twitter API
within programming code the returned information can be
parsed, analysed, searched, stored in a database, etc. It also
provides developers with an opportunity to build in Twitter
functionality to existing web-based applications.

A. Web-based Applications using the Twitter API

Given the simplicity of the the Twitter API several web-
based applications have gained quick popularity on providing
value-added services for Twitter users. Twuffer http://www.
twuffer.com allows users to schedule tweets for a later date.
A tweet is typed into twuffer with a specified date and time
for broadcast. At the specified date and time twuffer posts
the tweet on Twitter. Twidentify http://www.twidentify.com
is a search engine for Twitter. There are 3 ways to search
using a keyword. Trend search allows tracking the popularity
of a keyword over time. The second is a basic Twitter search
of who is using the keyword in their current tweets. The
final search option is Search on influence. The results of this
search are sorted in order of users who are retweeted (directly
quoted in other tweets or conversations). This usually gives
the opportunity to see what influential people on twitter are
tweeting about your keyword search term. TwitterCounter
http://twittercounter.com/ is a user statistics application allow-
ing users to track their progress on twitter. The information
is presented in time series graphs and allows customisation of
the timeframe. Other functions includes the ability to compare
your statistics to other users.

B. Offline analysis of Twitter messages

To supply data for this research it is necessary to build up a
large corpus of Tweets. We downloaded and stored all tweets
which contained revelvant keywords: climate, environment,
climate change, etc. This corpus of Tweets is stored offline due
to restrictions placed on the Twitter API in terms of number
of server accesses per day. Figure 1 shows a flowchart of the
process of accessing Twitter messages. A PHP script sends
the appropriate HTTP GET (keyword search, user search,
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Fig. 1. Download of messages from Twitter.com using the Twitter API

Fig. 2. Entity Relationship Diagram for Message Database

trend request, public timeline) request to the Twitter server.
The Twitter server replies with XML formatted output. Each
tweet object contains the message text, information about
the author, and the timestamp of the tweet. This XML is
processed by the PHP script. The PHP script parses each tweet
message which includes reformatting of special characters
and extraction of usernames within messages and inserts the
tweet into a database. The Entity Relationship diagram for
the message database is shown in Figure 2. The Twitter API
restricts calling applications to 70 requests per hour unless
otherwise arranged with Twitter.com. For this reason we cache
the results of public timeline requests and keyword searches.
Each tweet has a unique alpha-numeric identifier. This helps to
avoid duplication of tweets within our offline database. Textual
analysis of this dynamically updated database of Twitter posts
is then performed. We are currently investigating a number of
issues which are summarised as follows:

• Investigation of temporal correlations between the use
of climate change related vocabulary during periods of
major media coverage of climate change issues and events

• Specific analysis of Twitter messages from Ireland con-
taining climate change related vocabulary. The Twitter

API provides geocoding based on a user’s location from
their Twitter profile. A circle of N kilometers is searched
centered on a (lat, long) pair.

• Analysis of the number of retweets for climate change
related issues. A retweet is when one individual copies a
tweet from someone in their network and shares it with
their network. It is acknowledged as the highest degree
of content approval on Twitter.

III. CONCLUSIONS AND FUTURE DIRECTION

In this short paper we have described research we are
currently undertaking to establish how effective Twitter could
be as a tool in environmental awareness campaigns. We looked
at the specific issue of climate change to establish if people
using Twitter were communicating about environmental issues
in their Twitter networks.

A. Future Direction of Twitter

Honey et. al [16] predicts that tools such as Twitter “will
soon come to be used in formal collaborative contexts, as
well for example in work involving distributed teams just as
instant messaging was used before”. Other researchers [17]
comment that as the new generation of scientists “grow up”
with instant messaging, blogging, Twitter, they are beginning
to explore ways to use these technologies for information
exchange and collaboration. The future direction of Twitter
is somewhat unknown with Lucky [17] stating that “we are
in the middle of something happening around us and nobody
really understands the consequences”. Twitter has come “from
nowhere to become the third most visited social networking
site in the US in just three years by allowing its users to
broadcast their thoughts, actions and news instantly” [18]. This
rise has caused Google to “admit to losing out to Twitter in
the race to meet web user demand for real-time information”.
Interestingly young adults and teenagers have not taken Twitter
seriously yet according to Internet surveys such as Nielsen Net
Survey [19]. Some research indicates that as long as teenagers
can update their online status via MySpace and Facebook for
their friends as well as Instant Messaging and SMS Texts,
Twitter doesn’t really add to the existing technology. Many
young adults are only seeing the media and business aspects
of Twitter.

B. Using Twitter Securely

We believe that as Twitter becomes more widely adopted by
citizens the issues of information and personal security using
Twitter will need to be addressed. This was also the case when
email became ubiquitous [20][21]. Some literature has begun
to appear regarding the security of Twitter. Some research
shows that many users, often willingly, “share personal iden-
tifying information about themselves but do not have a clear
idea of who accesses their private information or what portion
of it really needs to be accessed” [22]. For those organisations
who have “a business need to use Twitter then there must be
training provided on how to use Twitter in a secure manner”
[23]. The authors emphasise the need to “provide ongoing
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awareness communications about Twitter information security
and privacy issues”. Vulnerabilities in Twitter’s Javascript pro-
gramming code leaves the “microblogging service with major
holes in its security”[24]. This is expanded upon by Bradbury
who gives examples of how worms and other malicious code
could be transported around the Internet by the exchange
of links within Twitter messages[25]. For Twitter to gain
acceptance as a communication device for serious issues such
as Climate Change the authors feels that it is necessary that the
problems of the email world: spam, junk mailing, phishing, etc
are tackled aggressively and effectively. Otherwise users will
follow the same usage patterns as they use when managing
their email - only trusting a small set of users, or friends, and
deleting any material which looks dubious.

C. Public Awareness of Climate Change

Public awareness is key to making a real difference in
fighting environmental problems such as climate change [4].
However, due to ineffective communication strategies, much
effort to educate the public on climate change issues has
not translated into a great degree of concrete progress. As
outlined in [26] the authors show that the experiences of the
UK, Canada and Sweden demonstrate that climate change
communication campaigns appear to influence large numbers
of people in relatively short periods of time. These campaigns
were based on pro-social behavioral campaigns but had little
success in changing peoples habits and behaviours. Harnessing
the pro-social aspects of Twitter could prove a useful tool
in informing the public better about environmental problems.
“This is low-hanging fruit in the fight against climate change
that our society really cant afford not to harvest” [26]. We
believe that Twitter can assist in communicating information
about Climate Change. Tools such as Twitter can address “the
dichotomy of high awareness and low priority strongly related
to ineffectiveness of some environmental communications”[4].
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Abstract 
 

Unmanned airship is a new method of aerial 
photogrammetry. This paper mainly focuses on airship 
low-altitude photogrammetric flight planning and 
parameters design. It gives a series of formulas to 
calculate flight altitude, flight route and other 
photogrammetric parameters. Moreover, this paper 
discusses the solution to pseudo-ortho problems for 
high buildings. According to the relationship among 
flight altitude, building height, offset from flight 
route center and deformation, the function models are 
used to correct the deformation.  

Keywords 
unmanned airship; low-altitude photogrammetry; 

flight altitude optimal design; flight route design; 
pseudo-ortho 

1. Introduction 
 

Compared with other photogrammetric platforms, 
unmanned airship is less stable and is easy to be 
influenced by airflow. As a result, some images’ 
inclination angles are too large, with various grey 
degrees and irregular overlap. In order to overcome the 
disadvantages of unmanned airship low-altitude 
photogrammetry system, it is necessary to design 
optimal photogrammetric flight parameters based on 
the character of airship itself. Due to large orthophoto 
projection error of high buildings in the condition of 
center projection, the bottleneck of orthophoto 
production in the paper is researched on the solution to 
pseudo-ortho. 
 
2. Photogrammetric flight planning and 
parameters’ design 
 

2.1 Optimal Flight altitude design 
 

In ideal state (the ground is flat, the photo is level), 
the relationship between flight altitude and scale is 
shown in (1): 

H
f

m
=

1                               (1) 

Where, m is the denominator of photogrammetric 
scale, f is the focal length of camera, H is flight 
altitude. 

A. The first method of flight altitude optimal 
design 

Map scale leads to photogrammetric one to 
calculate flight altitude by (1). The relationship 
between map scale and photogrammetric one[1] is 
shown in Tab.1. We also calculate the corresponding 
flight altitudes for the three map scales.  

 
Tab.1 The relationship of some references 

Map 
scale 

Simulative 
photogrammetric scale 

Digital 
photogrammetric scale 

Flight 
altitude(m) 

1：500 1：2000~1：3000 1：4000 96 
1：1000 1：4000~1：6000 1：6000~1：8000 144~192 
1：2000 1：8000~1：12000 1：12000 288 

 
B. The second method of flight altitude optimal 

design 

Flight altitude relies on the ground resolution (GR) 
of digital camera. The relationship between GR and H 
[2]is shown in (2) 

rowsf
dNHGR

⋅
⋅⋅

=  or 
colsf

dNHGR
⋅

⋅⋅
=                (2) 

Where, f is the focal length of camera, H is flight 
altitude, N is pixel values in rows and columns, d is 
single pixel size.  

With (2), the optimal flight altitude in different 
scales can be designed for precision requirements.  
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2.2 Flight route planning 
 

Flight route planning is based on the formula of 
photogrammetric baseline. With the overlap degree Q, 
the image width l (the unit is pixel) and the ground 
resolution GR, the baseline b [3] is： 

b= (1－Q) × l×GR                           (3) 
A. Flight route interval optimal design 
Tab.2 shows that, for Canon 5D digital camera, ly 

(the lateral width of image) =2912. If the ground 
resolution is 0.15m and the lateral overlap degree is 
30%~50%, the lateral baseline length can be calculated 
with (3): 

 
Tab.2 Parameters of Canon 5D digital camera 

Camera 
Type  

Image array 
(pixel) 

CMOS 
(mm) 

Lens focus 
length 
(mm) 

Canon 5D 4368×2912 35.8×23.9 24 
 

b0.3=(l－0.30)×ly×GR=305.76 m   
Or 
b0.5 =(l－0.50)×ly×GR=218.4 m 

From the result, it’s known that the suitable flight 
route interval is about 200 meters, which can make 
sure that the lateral overlap degree is 30%~50%. 

B. Location of photographic station optimal 
design 

As the flight direction is X, the location of 
photographic station n is [4]:  

Xn=X1+ (n－1)×bx                       (4)  
Where, bx is calculated with (3), X1 is the location 

of the first photographic station. 
C. Image number in a flight route optimal design 

n=int(
b
L )+2                             (5) 

Where, L is the length of a whole flight route, b is 
the length of baseline in the flight direction.  
 
3. Research on pseudo-ortho problems of 
high buildings 
 

As the type of airborne photogrammetry belongs to 
center projection, the higher are the buildings, or the 
further is the airship offset from flight route center, the 
greater the projection error is. Fig. 1 shows the 
relationship among flight altitude H, building height h, 
radius vector r and projection error hδ .  

 
Fig.1 Projection error hδ  

 
With (6) we can calculate hδ : 

r
H
hh =δ                                (6) 

Where, r is the radius vector from image a to plate 
nadir point n, hδ  is projection error aa0. 

From (6), we can get two solutions to pseudo-ortho 
problems of building height: 

A. r
H
hh =δ  If flight altitude H, building height 

h and radius vector r are given, projection 
error hδ  can be calculated. Input hδ , the 
projection error i.e. pseudo-ortho deformation 
can be rectified in ERDAS software. 

B. 
h

Hhr ⋅
=

δ  If the tolerance value of projection 

error Max hδ , flight altitude H and height 
building h are given, the radius vector r can be 
calculated. Drawing a circle with the radius r, 
the deformation inside the circle is less than 
tolerable value. The orthophoto quality from 
the special part will be higher.  

 
4. Photogrammetric flight test 
 

On April 2008, the authors applied the unmanned 
airship low-altitude photogrammetry for the task of 
1:2000 photogrammetric topographic maps and 
corresponding orthophotos of Shengjian Coal Mine in 
Sanhekou City, Shandong Province, China. Total flight 
area: 16.8 km2; Ground resolution: 10.2cm; Forward 
overlap: 75%, lateral overlap: 55%. 

With the Canon 5D digital camera parameters in 
Tab.2 and flight planning formulas, the flight 
parameters are designed as follows.  

A. Flight altitude optimal design 
Wr=0.102×4368=445.5m 
Then the flight altitude is: 
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mf
dN

WH 299
8.35

5.445f
=

⋅
=

⋅
⋅

=  

B. Flight route interval optimal design 
Length of lateral baseline:  
B0.55=(l－0.55)×ly×GR 

=0.45×2912×0.102=133.66 m 
From the result, we design that the flight altitude is 

300m, the flight route interval is 133 meters, and the 
ground coverage area of every photo is 400m×300m. 
Fig.2 shows the aerial photos of “South 2” flight region 
of the coal mine. The precision of certain orientation 
points is shown in Tab.3 after aerial triangulation. 

 
The planar point mean square error: ± 0.155m, 

elevation mean square error: ±0.103m. 

 

 
Figure 2 Flight routes and aerial photos of “South 2” 

flight region  

Tab.3 The coordinate differences in stereo pair and RTK (Realtime Kinematic)  

 
The results shows that the aerial triangulation 

precision satisfies the requirement of “1:500, 1:1000, 
1:2000 topographic maps survey norms”  
 
5. Conclusion 
 

1) Before the photogrammetric flight, design the 
flight parameters with the formulas in this paper, to 
provide strict theory for flight planning. But in actual 
operation process, ground surface irregularity, flight 
off-course, image tilt and other factors must be taken 
into consideration. So flight parameters should be 
adjusted in different flight conditions.  

2) To make sure that the designed flight parameters 
are valid, flight test can be done in a small part of the 
whole survey region. By analysis of the coordinate 
differences between the measured coordinates in stereo 
pair and the corresponded RTK coordinates, the 
precision of aerial triangulation can be obtained, which 
reflects the quality of airborne photogrammetry.  

3) This paper introduces a method with function 
model to solve the pseudo-ortho problems. But it must 
be realized by perfecting the ERDAS software and 
adding the new pseudo-ortho rectification function, 

which will greatly improve the efficiency and quality 
of orthophoto production. 
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RTK coordinates Coordinates measured in stereo pair Coordinate differences 
Test points 

X Y Z X Y Z X Y Z 

20001 508485.452 3856682.175 35.879 508485.369 3856682.134 35.882 0.083 0.041 -0.003 

20002 508328.752 3854900.606 34.262 508328.536 3854900.571 34.366 0.216 0.035 -0.104 

20005 508338.393 3855954.610 34.423 508338.346 3855954.430 34.560 0.047 0.180 -0.137 

20006 508387.974 3856335.317 36.687 508388.124 3856335.204 36.886 -0.150 0.113 -0.199 

20012 508097.988 3856711.690 35.254 508098.095 3856711.730 35.378 -0.107 -0.040 -0.124 

standard deviation 

of overall sample        
0.133 0.075 0.064 
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Abstract— A quarter of territory in Xinjiang is covered 
with desertification landscape, and the monitoring results 
indicate that it’s still expanding with the speed of 84.5km2 
every year. The severity of desertification has become a threat 
to the sustainable development of oasis ecology and the living 
space of human. A topical research area was located in the 
northern part of Hotan Oasis. Following methods were used: 
Firstly, remote sensing data in three different time phases were 
used to classify and analyze sandy desertification of the area. 
Secondly, main factors of sandy desertification were selected 
and quantified to establish the Sandy Desertification Index 
(SDI, for short) model. Thirdly, sample points were chosen and 
data were collected based on sandy desertification types, taking 
the year of 2000 as the benchmark. The points were used to 
calculate SDI and match sandy desertification types, which 
were simulated by the changing of SDI in 1990. So the sandy 
desertification distribution map could be reconstructed by 
Interpolation Algorithm and matched with remote sensing 
image. Finally, Linear Regression model was used to predict 
main factors of sample points, and the forecast of potentially 
space evolution would be realized by the SDI, which set 2010 as 
a target. Four results were reached by the research. 1) Sandy 
desertification expanded quite obviously in the area nearly in 
past three decades, accounting for 5.98% of the total. The 
serious sandy desertification increased from 19.39 km2 to 41.86 
km2, showing the most prominent evolution. The high and 
light ones expressed mild increase and the modest one declined 
in the meanwhile. 2)  SDI model was built by seven main 
factors. The real sandy desertification types of forty sample 
points were matched with their SDI based on observational 
data in 2000, and the result showed 82.5% of the correct rate. 
3) Sandy desertification map of 1990 that built through SDI 
had a quite high degree of simulation to remote sensing image, 
with only -2.72 percent of the relative error. 4) The situation of 
sandy desertification in study area would be aggravating in 
2010 through the prediction. There would be 11.2 km2 
farmland annexed by desert, the area of serious and light 
sandy desertification would increase 19.84 km2 and 8.88 km2 
respectively. The conclusion is that the SDI of sandy 
desertification model can reasonably reflect sandy 
desertification types. We can realize the spatial-temporal 
simulation and prediction of sandy desertification evolution by 
the model. And it provides more effective and intuitive 

expression and decision support for sandy desertification 
research and prevention. 

Keywords-Sandy desertification; spatial-temporal evolution; 
SDI; simulation and prediction; Xinjiang 

I. INTRODUCTION 
As one of the important environmental problems, sandy 

desertification impacts and haunts the survival of all 
humankind and the sustainable development of society. Not 
only it threatens the entire human environment, but has 
become the barrier of global economic development and 
social stability. For current researches, such aspects as the 
types, distribution, monitoring, evaluation, prevention, trend 
forecast, movement mechanism, have been related 
worldwide [1-8]. At present, however, as one of developing 
words, there is no uniform definition of sandy desertification 
concept. The research integrates current views and defines 
sandy desertification as following: under the condition of 
sandy surface on arid, semi-arid and partly semi-humid 
areas, the fragile balance of natural ecosystem is undermined 
due to the impacts of natural factors or human activities, and 
then the land degradation gradually forms, which indicates 
by wind and landscapes of wind erosion, making the similar 
desert landscape comes into being in regions where never 
appeared before [9-12].  

Xinjiang is located in the hinterland of Eurasia, which is 
a province where there are the widest desert distribution and 
severest harm in China. And it is one of the most serious 
regions which suffer sandy desertification in the world. The 
unique terrain of two basins clipped with three mountains 
causes the dry and windy natural climate, which provides a 
congenital condition for the formation and expansion of 
sandy desertification. The area of sandy desertification in 
Xinjiang has reached 4.3×105km2, which is 25.8% of the 
total, and recently increases by an annual rate of 84.5 km2, 
according to the census data in 2000 by Forestry Survey and 
Design Institute of Xinjiang. Researches have been done 
since 1970’s. The study area mainly focus on Tarim River 
valley and southern margin of the Tarim which relate to 
desertification types, trends, causes or drivers, as well as 
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control measures and so on [13, 14]. However, it is very 
difficult to achieve expected results by purely theoretical 
expression and numerical analysis particularly for the large-
scale desertification and the slow changing process. 
Management and policy-makers need a better visual and 
simulated process for the direct support of preventing and 
controlling desertification. In this research, SDI (Sandy 
Desertification Index) model was built based on the main 
effective factors of desertification while the classification 
and analysis of desertification was done by using of remote 
sensing data. And index and types of desertification were 
matched on the basis of selecting reasonable sample points 
and the spatial-temporal evolution of the latter was expressed 
by the model. At the same time, the spatial distribution of 
particular year was constructed by Interpolation Algorithm, 
achieving the expected effect and function of simulating and 
predicting spatial-temporal evolution of desertification. For 
this aspect, most scholars only used the impact factors of 
desertification to evaluate development or genetic type, 
while it is seldom to see using the research method, which 
utilizes impact factors of desertification to build SDI model. 
And it achieves the simulation and prediction of spatial-
temporal evolution through changing SDI of desertification 
is quite few. 

An area located in the northern regions of Hotan Oasis 
where has classic sandy desertification evolution is selected 
and researched. Three remote sensing images that of MSS 
(Jul., 1973), TM (Oct., 1990) and ETM+ (Oct., 2000) data 
are calibrated and used for sandy desertification 
classification. The desertification evolution is analyzed over 
the past three decades. The SDI model is constructed by the 
main effective factors based on sample points’ data of 2000, 
and the desertification types of those points are analyzed 
according to the correlation between desertification types 
and their SDI. The types’ statuses are simulated in 1990. 
Furthermore, spatial-temporal distribution of sandy 
desertification in study area is simulated by Interpolation 
Algorithm based on GIS software. The result shows a better 
effect with -2.72 percent relative errors after compared with 
remote sensing data. And for this reason, the data of sample 
points in 2010 are predicted based on relevant models, and 
so spatial-temporal distribution of desertification is realized. 
The results indicate that the situation is more and more 
serious in study area. There will be large area of farmland 
turns to desert, and the light and serious desertification 
expands substantially, so the control works are imminent. 

II. ANALYSIS OF SANDY DESERTIFICATION CHANGE IN 
STDUY AREA 

A. Overview of the study area 
The oasis located in the southern margin of the Tarim 

Basin is one of the most affected areas with sandy 
desertification in Xinjiang. And Hotan Oasis has the severest 
threats because of the Taklimakan Desert’s expansion, which 
becomes the poorest region in Xinjiang as far as to the whole 
country [15]. In view of these reasons, an area that in the 
northern of Hotan is chosen for research, where is 37°05’～
37°11’N, 79°59’ ～ 80°06’E. The area is located in the 

junction of desert and oasis with all types of desertification, 
which gives a good representation. It has 400 (Row) ×400 
(Line) elements and its real area is 144km2, with 1353m 
altitude, 14.8 temperature, 23.8mm rainfall and 2.1m/s wind 
speed (data of 2007). 

B. Remote sensing image process and analysis 
MSS (Jul., 1973), TM (Oct., 1990) and ETM+ (Oct., 

2000) data are used to geometric and radiometric correction 
by ENVI, combined with topographic map and other data. 
The coordinates of study area are treated as the basis for 
clipping image to ensure the consistency of images. The area 
is classified into different types on the basis of their image 
characters and interpretation keys, as well as the indicators 
system of land classification. And the standard of image 
interpretation is shown in table Ⅰ. The sandy desertification 
lands are divided into the light, modest, high and serious 
ones, based on the classification standard provided by the 
Federal Agriculture Organization (FAO, for short) and the 
United Nations Environment Program (UNEP, for short) 
[16-18].  

There are complex lands in study area with both 
desertification and non-desertification ones, such as 
farmland, woodland, settlements and so on. In order to 
highlight the focus of this research, the desertification lands 
are classified minutely and the non-desertification ones 
combined into farmland. Classification results are shown in 
figure 1. 

C. Change analysis of sandy desertification in study area 
The spatial - temporal evolution of the research area in 

past 30 years are identified and analyzed based on 
discriminated standard of sandy desertification types, so the 
statistics of sandy desertification area for different types and 
periods can be obtained easily by built-in statistical functions 
of ENVI (Table Ⅱ). 

The Shift Degree (SD, for short) is introduced to show 
the changing of different sandy desertification types’ area 
more intuitively, which refers to the changes of sandy 
desertification in a time unit. One year is put as the time unit 
in this study because sandy desertification is a slow process. 
That is, SD is annual growth rate and is expressed by the 
formulary as follows: 

%1001A
SD ××

−
=

TA
A

i

ij                           (1) 

In formula (1), Ai means initial areas of desertification 
lands and Aj expresses final areas, T shows time interval [19-
21]. The total SD of study area is 2.64% from 1973 to 1990, 
which can spot from table Ⅲ. The serious desertification has 
largest SD, arriving 6.13%. The second one is high 
desertification with 2.68% declines, but light and modest 
ones’ are quite little. So it can be seen that the light, modest 
and high desertification have different degrees of reduction, 
and the reduced area have turned to be serious one. Between 
1990 and 2000, the overall SD is 2.69%, which has slighter 
increase than 20 years ago. The SD of light desertification 
become larger with 2.59%, and the follows are modest, high 
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and serious ones in turn. Overall, the desert land increased 
from 91.59 km2 to 100.10 km2 in past nearly three decades, 
accounting for 5.91% of total area. The serious 
desertification shows the most obvious increase and the 
modest one reduces quite apparently. Modest desertification 
translates into serious one with large areas as a result of 
people’s negligence to desertification, as well as overgrazing 
and reclaiming continuously.  

III. SDI MODEL CONSTRUCTION 

A. Effective factors selection of sandy desertification 
Sandy desertification in Xinjiang has various reasons, 

which can be divided into two groups, natural group and 
cultural one. The desertification process is exacerbated by 
their interaction effects. Land surface with loose sand, arid 
climate and sparse vegetation leads to the weak ecosystem, 
which provides congenitally material basis and driving force 
for the occurrence and development of sandy desertification. 
Therefore, factors of wind speed, temperature and 
precipitation and vegetation of surface are the essential 
elements in process of sandy desertification. The annual 
wind speed, annual temperature, annual precipitation and 
vegetation coverage are used to express the factors above, 
taking one year as the time unit. 

At the same time, the formation of sandy desertification 
in Xinjiang also has substantial connection with intensity and 
scale of socioeconomic human activities based on many 
studies. Yudong Song [15] said “Sandy desertification 
caused by unreasonable reclamation and utilization of water 
resources takes up 85% of all”. Variety of excessively 
economic activities that result from population and livestock 
pressure are the main triggered factors of sandy 
desertification, and the population density and grazing 
capacity are used for represent them in this research. On the 
other hand, the degree of sandy desertification is also related 
to social economy, which represents the exponential increase 
with the level of economic development. It is expressed by 
the index of Net Revenue of Per Capita (NRPC, for short). 

B. Quantification and classification of effective factors 
Selected factors are annual wind speed, annual 

temperature, annual precipitation, vegetation coverage, 
population density, grazing capacity and NRPC. Their 
classification standard is proposed according to what was 
provided by FAO and UNEP in 1984, combining of internal 
research results and observed data over the years of study 
area. All the factors are divided into light, modest, high and 
serious types according to their values with reference to the 
classification of sandy desertification (Table Ⅳ) [22-24]. 

C. SDI model construction 
SDI is the quantization of sandy desertification types in 

some study area or point. The model is constructed through 
intensity index values of desertification effective factors and 
their weight coefficients. In formula (2), η means adjustment 
coefficient, Wi expresses weight coefficient of factor i and Fi 
shows its intensity index, N is used to indicate number of 
factors, which is five in this study. 

∑
=

••=
N

i
iiW

1
FSDI η                           (2) 

 Reasons of using adjustment coefficient: There are other 
types of land except sandy desertification, such as farmland 
and woodland, which have high vegetation coverage as non-
desertification land. For the performance of a more 
comprehensive type of land without detailed analysis for 
non-desertification,   vegetation coverage is treated as the 
basis of discrimination. So the value of η is 0 when the 
vegetation coverage is more than 90%, otherwise 1. 

The value field of intensity index Fi is [0, 1] for the 
calculation advantage. So different factors can identify their 
relevant intensity index by the classification standard shown 
in table Ⅳ, and their specific value can be obtained through 
interpolation method.  

Commonly used methods for weight coefficient are 
Analytic Hierarchy Process, Delphi, and so on. They are 
intervened with subjective factors more or less, which make 
the results less scientific. Principal component analysis is 
introduced in this study based on statistical principle. The 
weight coefficient is shown by the proportion that each 
factor’s eigenvalue of the total in the correlation matrix. 
Standardized method (z- score) is used to correlation matrix 
and eigenvalue calculation based on data of the factors 
during 1973 to 2000. The result is as follows through SPSS 
(Table Ⅴ) [25]. 

IV. SPATIAL-TEMPORAL SIMULATION OF SANDY 
DESERTIFICATION EVOLUTION 

A. Sample points selection and data acquisition 
Sample points should be selected from different land 

types as full as possible, which are light, modest, high, and 
serious and non-desertification area, combined with residents 
and livestock activities, vegetation types and distribution, 
and so on, according to distribution of desertification types 
and observation data in 2000. There are forty points in study 
area, eight ones in each land types.  At the same time, sample 
points’ areas choose 30×30 m totally, which can convenient 
for the resolution of remote sensing image. One method of 
averaging different data which observed by many times 
according to the characteristics of seasonal variation is used 
to ensure the effective factors’ data more rationally and 
objectively, under the condition of not doing continuous 
observation.  

B. SDI calculation and type discrimination 
The value field of SDI model is [0, 1], which can be 

calculated by that of its parameters. Doing different 
calculation to the SDI value field, and then, relationships 
between them and sandy desertification types will come true 
based on the standard provided by FAO and UNEP, and real 
situation of study area (Table Ⅵ).  

According to the relationship between SDI model and 
desertification types, sample points are treated with SDI 
calculation and sandy desertification type discrimination, and 
compared with the real situation. Result is shown in table Ⅶ. 
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There are forty points be selected and disposed, seven of 
which are wrong. The accuracy rate is 82.5% and it can meet 
research requirement. There are both lenient and overweight 
results among the error points. They are just between 
adjacent levels but not with skip-level ones. For a further 
step, data of SDI for those error points are almost in the 
brink of two types, which mainly caused by a little bigger or 
smaller data of some factor. It is indicated that the 
relationship between SDI and desertification types should 
need for further amendment. But it has reached the standard 
of this study due to the high discrimination rate.   

C. Spatial-temporal simulation of sandy desertification 
evolution 

Linear regression model and moving average model 
which are used to project their value in 1990 based on annual 
data sets from 1973 to 2000 and points’ data in 2000 due to 
the limitation of effective factors’ data for sample points. 
The SDI is calculated and sandy desertification is inverted of 
each point, and then interpolation method is used to simulate 
desertification distribution in design year, under the support 
of computing and image analysis functions of GIS (Figure 
2a). 

Statistical results of comparing the simulation with 
remote sensing image (Figure 1b) can be seen from table Ⅷ 
that light desertification shows biggest error with 13.90%, 
which mainly due to the selected points can not reflect slight 
smaller regions of light desertification in farmland. The 
relative errors of modest and high desertification are -
10.04% and -6.64% respectively, performing smaller 
simulation area. However, the serious one shows bigger area 
than that of remote sensing image. It can be seen from both 
images that partly modest and high desertification are 
distinguished as the serious ones in northeast region of study 
area, mainly because of the limitations of points selection 
and interpolation method. In a word, the relative error is -
2.72%, which means that the correct simulation of the total 
desertification area is 97.28%, showing a better simulation 
result. 

V. SPATIAL-TEMPORAL PREDICTION OF SANDY 
DESERTIFICATION EVOLUTION 

According to data characters of sample points in 2000, 
three methods that linear regression model, multiple 
regression model and time series model are used to predict 
the effective factors data of points in 2010, combined with 
observation of 35 years from 1973 to 2007 (Figure 3). So 
spatial-temporal of sandy desertification evolution can be 
obtained in the target year, which is expressed in figure 2(b). 

The area of sandy desertification increase significantly in 
2010, compared to 2000 based on the analysis of simulated 
status. There are large areas of light desertification in 
farmland, partly of which even turns to be modest or high 
ones, and the boundary of farmland moves inside apparently.  
The areas of various desertification types calculated in 2010 
are as follows: light one 20.47km2, modest one 9.12 km2, 
high one 20.03 km2 and serious one 61.70 km2, a total of 
111.33 km2, which is 77.32 percent of study area. It can be 
seen that there are 11.2 km2 farmland ate up by desert and 

serious desertification land increased by 13.8%, mostly come 
from modest and high ones.  Overall, the growth rate of 
desertification after 2000 is more serious than before, which 
shows imminent management for sandy desertification in 
study area. 

VI. CONCLUSION AND DISCUSSION 
Research of desertification started in 1977, when the 

United Nations Conference on Desertification (UNCOD) 
was held in Nairobi, Kenya. And after that, the concept of 
"sandy desertification" was put forward for the first time in 
China. Based on existing research results, that is, the main 
effective factors of desertification, SDI model is established 
and combined with classification standard of desertification 
types. The function of expressing the latter changes through 
that of the former will come true, so as to the reconstruction 
and prediction of spatial-temporal of sandy desertification 
evolution. The results are as follows: Firstly, SDI model 
established by main effective factors can correspond to the 
types of desertification well ， and the simulation and 
prediction of spatial-temporal of desertification evolution are 
carried out through changes of SDI. Secondly, there will be a 
phenomenon of significant desertification expansion in 
research area in next few years, and even more serious than 
before, if current land development patterns and policies are 
maintained all the same. So it is necessary to take remedial 
measures as soon as possible. 

There is a certain lack in this research. The first one is the 
fewer selected sample points. There are no full points in the 
area and the representation of data is not enough because of 
the limited personnel and equipment constraints. Secondly, 
the data of effective factors failed to be observed and 
obtained continuously, resulting in incompletely correct rate 
in discriminating the type of desertification, and even not 
providing a better support for the possible prediction of the 
development. The man-machine data acquisition and 
wireless remote transmission used in further research can 
make up for these deficiencies quite well. 
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TABLE I.  REMOTE SENSING IMAGE CHARACTERS OF SANDY DESERTIFICATION LANDS 

Sandy Desertification Types Image Characters Other Characters 
Light  Massive and do not has rules, light red There are red dots among light red region 
Modest Lumpy and do not has rules, pink Uneven ground with sand distribution  
High  Irregular patches, brown-yellow Clear sand dunes and have brushwood dots 
Serious Broad distribution, brown-yellow Apparent landform of sand dunes and ridges 

TABLE II.  STATISTICS OF DIFFERENT TYPES OF SANDY DESERTIFICATION A  

Light Modest High  Serious Total  Year Area Percent Area Percent Area Percent Area Percent Area Percent 
1973 10.01 6.95 31.50 21.88 30.69 21.31 19.39 13.46 91.59 63.60 
1990 9.21 6.39 17.14 11.91 28.93 20.09 39.58 27.49 94.86 65.87 
2000 11.59 8.05 14.29 9.92 32.36 22.47 41.86 29.07 100.10 69.52 

A. Units: area km2, percent %. 
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TABLE III.  SPREADING RATES OF SANDY DESERTIFICATION LANDS DURING DIFFERENT PERIODS IN RESEARCH AREA 

Shift Degree/% Period Light Modest High  Serious Total  
1973-1990 -0.47 -2.68 -0.34 6.13 2.64 
1990-2000 2.59 -1.66 1.19 0.58 2.69 

TABLE IV.  CLASSIFICATION STANDARDS OF MAIN EFFECTIVE FACTORS OF SANDY DESERTIFICATION 

Effective factors Light Modest High  Serious 
Annual wind speed (m/s) ﹤2.6 2.6～4.6 4.6～5.9 ﹥5.9 
Annual temperature ( )℃  ﹤10.0 10.0～12.5 12.5～15.0 ﹥15.0 
Annual precipitation (mm) ﹥80.0 80.0～55.0 55.0～15.0 ﹤15.0 
Vegetation coverage (%) ﹥50.0 50.0～30.0 30.0～10.0 ﹤10.0 
Population density (person/km2) ﹤20.0 20.0～40.0 40.0～60.0 ﹥60.0 
Grazing capacity (sheep unit/ km2) ﹤58.5 58.5～91.6 91.6～137.4 ﹥137.4 
NRPC (Yuan) ﹤450 450～700 700～1100 ﹥1100 
Intensity index 0.25 0.25～0.625 0.625～1.00 1.00 

TABLE V.  CORRELATION MATRIX OF COMPONENT 

Component Annual 
Wind Speed 

Annual 
Temp. 

Annual 
Precipitation 

Vegetation 
Coverage 

Population 
Density 

Grazing 
Capacity NRPC 

Annual wind speed 1.000 0.116 -0.402 0.571 -0.428 -0.560 -0.359 
Annual temperature 0.116 1.000 -0.205 -0.425 0.500 0.412 0.494 
Annual precipitation -0.402 -0.205 1.000 -0.205 0.133 0.179 0.095 
Vegetation coverage 0.571 -0.425 -0.205 1.000 -0.982 -.964 -0.950 
Population density -0.428 0.500 0.133 -0.982 1.000 0.934 0.972 
Grazing capacity -0.560 0.412 0.179 -0.964 0.934 1.000 0.944 
NRPC -0.359 0.494 0.095 -0.950 0.972 0.944 1.000 
Eigenvalue 0.059 0.019 0.003 4.412 1.496 0.618 0.394 
Weight coefficient 0.0084 0.0027 0.0004 0.6302 0.2137 0.0883 0.0563 

TABLE VI.  CORRESPONDING STANDARDS OF SANDY DESERTIFICATION INDEX TO ITS TYPE 

Sandy Desertification Type Light Modest High  Serious 
Sandy desertification index 0.0～0.25 0.25～0.50 0.50～0.75 0.75～1.00 

TABLE VII.  DISCRIMINATION RESULT OF SANDY DESERTIFICATION TYPE 

Points SDI Distinguishable Type Real Type  Points SDI Distinguishable Type Real Type 
1 0.83 serious serious  21 0.22 light light 
2 0.79 serious serious  22 0.42 modest modest 
3 0.76 serious serious  23 0.80 serious serious 
4 0.64 high high  24 0.00 farmland farmland 
5 0.24 light modest  25 0.31 modest modest 
6 0.53 modest modest  26 0.24 light modest 
7 0.13 light light  27 0.18 light light 
8 0.21 light light  28 0.08 light farmland 
9 0.10 light light  29 0.78 serious serious 
10 0.00 farmland farmland  30 0.78 serious high 
11 0.00 farmland farmland  31 0.28 modest modest 
12 0.63 high high  32 0.27 modest modest 
13 0.77 serious serious  33 0.00 farmland farmland 
14 0.54 high modest  34 0.00 farmland farmland 
15 0.63 high high  35 0.10 light light 
16 0.76 serious high  36 0.55 high high 
17 0.63 high high  37 0.26 modest light 
18 0.00 farmland farmland  38 0.23 light light 
19 0.30 modest modest  39 0.56 high high 
20 0.00 farmland farmland  40 0.79 serious serious 

TABLE VIII.  ERROR ANALYSIS OF SANDY DESERTIFICATION SIMULATION 

Sandy Desertification Types Light Modest High  Serious Total  
simulication/km2 7.93 15.42 27.01 41.92 92.28 
Remote sensing/km2 9.21 17.14 28.93 39.58 94.86 
error rate/% -13.90 -10.04 -6.64 5.1 -2.72 
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(a) 1973                                                                        (b) 1990                                                                      (c) 2000 

Figure 1. Spatial - temporal change of sandy desertification lands during past nearly 30 years in research area 

        
(a)  Simulation of sandy desertification in 1990                          (b) Forecast of sandy desertification in 2010 

Figure 2. Simulation and forecast of the sandy desertification  

 
Figure 3. Effective factors data of research area from 1973 to 2007 
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Abstract-Supervisory Control And Data Acquisition (SCADA) 
system is extensively used in power systems specifically for 
monitoring different power parameters, operating and 
controlling power electronics as well as other high voltage 
elements, for example breakers tripping or constant data 
procurement form current, voltage or power transformers. 
SCADA system failure can be an effect of inevitable 
consequences which include equipment damage, customer load 
losses even life losses. Dhaka Power Distribution Company Ltd. 
(DPDC) former DESA has been using SCADA over a decade 
which was developed by ABB. After its introduction in DPDC, 
the SCADA system hardly had any performance upgrade. At 
present the entire SCADA system is observing many problems 
that are rendering the whole structure obsolete. At the early 
stage ABB came across some limitations which later on were 
solved in such a way that may not convene the time precision 
that present technological development demands. ABB used 
soft real time operating system UNIX. This OS usually 
responses with high latency which sometimes caused some 
remote power elements (breakers) to fail in certain time frame. 
The communication structure is based on microwave links 
which certainly has some shortcomings in terms of SCADA 
security.  Evaluating these consequences, this paper presents 
some draw backs of current DPDC, SCADA system and 
proposed Hard RT Linux as an operating.  
 
Key words: Hard real-time, Soft real-time, PID tuning, SCADA, 
RT-Linux, RTU. 

1 INTRODUCTION 

SCADA refers to a system that accumulates data from 
different sensors at feeders, relays or in other remote 
locations and then propels this data to a central computer 
which then controls those elements according to constricted 
instruction based on the procured data. System analysis in 
this paper will be concentrated on former DESA SCADA 
system which has currently been reformed as Dhaka Power 
Distribution Company Ltd (DPDC) SCADA system. The 
control capability that SCADA systems provide is essential 
for the safe and efficient operation of our electric power 
grids.  
 

The system-wide monitoring and control functions 
provided by such systems may contain slight shortcoming 
which makes the entire system less effective where strict 
time accuracy is in concern. SCADA systems are used in 
power systems to monitor, operate and control generation, 
transformer, and switching and load stations [1,2,3,5,18]. 
Such control can he automatic or manually initiated by 
operator commands. A typical SCADA system consists of 

three main components, namely, remote terminal unit 
(RTU), master control and telecommunication network. The 
failure of any of these components may disable the entire 
system. The master control however, takes part in 
controlling the entire network which expectedly should be 
much more compact with advanced equipments and as a 
same time highly sensitive with respect to time to be more 
efficient in sending instructions to its target. 
 

The operating system using by SCADA is UNIX, DEC 
OSF/1, which is a soft RT operating system and can be 
replaced by hard RTOS for example RT Linux to ensure 
time criticalness in every possible measure. This paper will 
demonstrate how maximum delay time can be recuperated 
and confined the desired loop iteration time by integrating 
RTOS as DPDC SCADA operating system. In section 2 the 
formation of DPDC SCADA control system communication 
is described followed by section 3 where the method of 
SCADA protection is explained in brief. After that in 
section 4, the structure of SCADA hardware is given and in 
section 5 the SCADA software will be described with an 
experimental presentation of breaker operation in a 
subsection 5.1.  In section 6 the hard real-time operating 
system is explained with one subsection 6.1 about real-time 
Linux and under section 7, related works on RT Linux at 
BRAC University is explained elaborate including result 
from the laboratory test with few subsections. The proposal 
for Hard RTOS for DPDC SCADA is provided in section 8.  

2 SCADA, DHAKA POWER DISTRIBUTION COMPANY                              
LTD 

Electric network management is a unique and proven 
system, which after being introduced by former Dhaka 
Electric Supply Authority (DESA) back in 1995, has saved 
some Tk 2/3 crore every month [8]. Bangladesh can save 
crore of taka in the power sector by adopting a new system 
which will also improve quality and security of power 
distribution. SCADA system gives a overview of the 
network and update view of voltage levels and equipment 
states making them instantly aware from anything 
happening over a wide area, like spider in centre of a web. 
Such a control centre enables to operate to have a window 
into electrical network through computer station. In the 
greater Dhaka power communication network of SCADA, 
the Remote Terminal Unit (RTU) is located with quite a 
distance from master control unit and communication is 
established by microwave wireless communication. 
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One major wireless communication ring was developed 
by five cells connecting with one SCADA ‘Master 
Control’ (Dhanmondi CC). The five cells New MirpurCL-
2(2/2), Tongi2CL-5(2/2), NarsingdiCL-3(2/3), BultaCL-
3(3/3), and FatullaCL-7 (2/2) are involved with the signal 
relaying to the different sub cells or RTUs. The sub cells 
receive signals to execute the power elements. These sub 
cells are not in the communication ring and only can send 
the acknowledgment to the master control through the 
relay or transponders. The RTU adjacent to the base 
stations are connected with Ultra High Frequency (UHF) 
communication and some cases with the pilot cable.  

3 SCADA PROTECTIVE SCHEME 

Power systems are operating close to their design limits. 
These operating conditions leave little room for error in 
the protection and control systems. The pre-eminent 
approach to preserve the transient stability of the power 
grid High-speed is the fault clearing protection and 
control systems. These high-speed tripping schemes are 
called pilot protection because they utilize end-to-end 
communications to provide high-speed, simultaneous fault 
clearing or termination. Remote terminal(s)   systems 
must receive a signal from master control to issue a local 
tripping signal. In case of DPDC (former DESA) 
SCADA, the microwave communication is in primary 
concern although applicable communications channels 
include audio tone, microwave, fibre optic, and spread 
spectrum radio. These schemes exchange a minimum of 
one information bit. Unlike blocking schemes, precise 
signal or message timing is usually not critical. The more 
time it takes for a relay at one end to receive notification 
that the remote terminal relay also senses a forward fault, 
the longer the tripping time. A slightly delayed trip during 
an internal fault does not comprise a disoperation. It is 
accepted that a failure to receive a valid tripping signal 
can result in a failure to operate at high-speed for an 
internal fault [9]. But at the same time this should be 
taken into the account that sharp time response can 
improve the efficiency of the system. 

4 SCADA HARDWARE STRUCTURE 

The ABB SCADA system consists of a series of servers, 
consoles, and networking components to build a hardware 
platform on which to install the ABB Energy 
Management Software suite. There is a central processing 
server which provides the central core for the SCADA 
system and includes database management, centralized 
communications, and other critical SCADA functions. 
The Central Processing server consists of a Compaq 
Alpha server running Tru64 release 5.1b. Disk storage is 
provided with six disk drives. A backup for these drives is 
provided in a split SCSI bus cage with 12 disk drives. 
Each set of six disk drives can be used as the primary 
drive system during boot. This allows a fully configured 
and functional backup copy of the central processing 
server to be available should testing crash the primary 
system.  
 

The Real-time Database and Communications server 
consists of a Compaq Alpha server running Tru64 release 
5.1b. Disk storage is provided by two disk drives acting as 
a primary and secondary drive. The primary drive is 
mirrored via a manually run script to the secondary drive. 
The consoles provide the Human Machine Interface 
(HMI) for the ABB SCADA/EMS system. In a typical 
system, there are many consoles, each providing control, 
analysis, and/or monitoring functions for the ABB system. 
All PCs on this system are HP Workstations with Xeon 
processors running Windows XP Professional. Disk 
storage is provided by a single disk drive. The NVIDIA 
Quadro NVS graphics system is capable of driving up to 
four computer displays.  

5 SCADA SOFTWARE STRUCTURE 

Digital Equipment Corporation (DEC) developed a new 
UNIX implementation based on the OSF/1 specification. 
Digital UNIX was formerly called DEC OSF/1It was 
initially marketed as DEC OSF/1[14]; DEC renamed the 
new operating system Digital UNIX, and then Tru64 
UNIX when Compaq acquired the company. It is a 64-bit 
operating system for workstations and servers equipped 
with the Alpha processor [4]. Though it is fully System V-
compliant, for both the user and administrator, it behaves 
more like a BSD system. On server type Digital 
AlphaStation 400 4/233 of server 6 and server 7 is 
dedicated as Application Servers of DPDC SCADA 
which is compatible with OSF/1 Rev 3.2 comprising 
different sort of application software for example DEC, 
(OSF-BASE, OSF-USR etc) and For Database 
architecture Data Engineering Tool is installed in Dhaka1 
server comprising of Oracls7.1.3.2.1for DEC OSF/1 3.0, 
RDBMS 7.1.3.2.1 etc.  In terms of Human Machine 
Interface (HMI) servers (WS400 Workstation) allocated 
for dhaka2, dhaka3, dhaka4 and dhaka5 (remote 
workstation, LDC) where different HMI software are 
installed [20]. 

 
SCADA may needs to operate more than one 

RTU of different substations in same time. To preserve 
their temporal behavior command applications require 
that the underlying systems provide soft real time Quality 
of Service QoS Guarantees. In the current DPDC SCADA 
operating system (UNIX DEC OSF/1) multi user, multi 
process and time sharing (TS) environment these 
applications do not perform well when they are scheduled 
concomitantly with the traditional non RT applications 
such as text editors compilers or computation intensive 
tasks.  The real time RT applications also do not perform 
well when other RT applications are scheduled 
concomitantly. Untimely scheduling of processes is 
partially responsible for this kind of adverse phenomenon 
rather than insufficient CPU capacity. One potential 
solution for this problem is to serve RT application in 
UNIX environment is to dedicate the entire system to 
serve only one RT application. This involves blocking 
services to all other RT or non RT applications and users. 
This solution avoids the potential scheduling problem and 
it also defeats the UNIX environment goals of supporting 
multi user multi process and time sharing properties [17]. 

99

http://kb.iu.edu/data/agka.html
http://h18000.www1.hp.com/
http://kb.iu.edu/data/agjs.html
http://kb.iu.edu/data/agom.html


Therefore, this solution is not feasible in the UNIX 
environment. 
 
5.1   Breaker Operation of DPDC SCADA 
   DPDC SCADA system in kataban, we conducted an 
experiment on breaker operation located quite a distance 
from master control. Remote Terminal Units (RTU) are 
designed to respond with the command given from the 
master control, provided the breakers are in automatic 
mood. If the breakers are set to manual condition, the 
master control of SCADA system does not have any hold 
on any of these RTUs or breakers in any circumstance. 
Since SCADA is a very sophisticated decentralized 
electrical control system we were not allowed to operate 
the breakers in extensive measure. We collected few 
breaker operational data which have been done on 
schedule. Master control operates few two breakers in 
Jigatala and other breakers from Kollyanpur substation. In 
each case breakers were tripped in different time period. It 
is to be noticed that the communication delay should be 
considered identical as we operated breakers located in 
two different substations not more than 30 Km apart from 
Dhanmondi CC. In case of any communication time 
deviation from the time taken by the communication 
system, we can neglect the delay in this regard because of 
microwave communication. 
 

SCADA use to operate several breakers each day 
which are centrally controlled by Dhanmondi master 
control keeping all the records of tripping data on an event 
list. We procured few of those data which have been 
given in Table5.1 where all mentioned tripping timing 
was from two substations, Kollyanpur substation and 
Jhigatala substation. On the Table 5.1 the procured 
tripping data from DPDC SCADA is presented. 

 
TABLE 5.1: BREAKER OPERATIONAL DELAY ANALYSIS 

 

 
 
At Kollyanpur substation for example, a breaker was 
commanded to trip at 21: 15: 26 which responded after 
1000ms giving the tripping time at the event list 21: 15: 
27. However, the desired loop time is to be mentioned as 

2000 ms which we found on following day’s event list. 
Master control sent a command to same substation to trip 
a breaker at 14: 17: 54 which was executed 2000ms later 
at 14: 17: 56. The same case we found as a majority 
except two deviations. We located two large time delay 
interims of breaker operational timing   when the master 
control operated a breaker in Jhigatala in time of 11 hr 49 
min and 59 sec (11:49:59) and the breaker was tripped at 
11 hr 50 min and 15 sec (11:50:15) which indicates the 
operational time delay is 16 millisecond. In second case a 
dummy breaker of Jhigatala substation was operated at 
15:00:43 and tripped at 15:00:50 giving operational time 
delay 7ms. The graphical presentation of the breaker 
operational time delay fluctuation is given in graph 5.1. 
 

 
 

Graph 5.1: Breaker Operational Loop Iteration of DPDC SCADA 
 
The in figure 5.1 shows the block diagram of SCADA 
system where the SCADA server end consists of Compaq 
Alpha server and UNIX operating system. The Remote 
Terminal Unit (RTU) end is having data acquisition and 
interfacing units like marshalling and data conversion 
blocks. The next block is the communication where all the 
modulation and demodulation take place before 
transmitting and receiving signals respectively. After 
transmitting any command signal it reflects back from the 
receiving substations with acknowledgment. In this 
experiment the time taken by the receiving ends are not 
prime concern.  This research rather concentrate with the 
time taken by the SCADA master control and the process 
of restrict the breaker tripping loop iteration within 
desired time. The block diagram indicates the delay time 
taken by the six different blocks, SCADA server delay 
server transmitter and receiving data acquisition card time 
delay τDAC and the both transmitter and receiving end 
communication delay refers to τCom and in the receiving 
end the circuit breaker delay τCB. Since the communication 
system is using microwave, the delay regarding this can 
be negligible. The data acquisition card at RTU takes 
reasonable amount of time and it could be improved by 
increasing the pulse frequency of digital to analog 
converter or analog to digital converter.  
 

Analyzing the nature of the time delay, the entire 
tripping loop iteration or in the other way the minimum 
desired loop time includes 2 * (τServer + τDAC + τCom) .  
These six parameters cumulatively give the time delay of  
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Fig. 5.1: Block Diagram of DPDC SCADA Communication between Server & Client 
 

approximately 2000 ms and most of the time delay takes 
place from our findings in SCADA server end which is 
about 1500 ms. Breaker operational Time fluctuations occur 
due to multitasking operation and running other software for 
different applications. On the figure 5.1, minimum loop 
iteration was measured as 1000 ms few times. However, the 
desired loop iteration is counted as 2000 ms which in few 
cases can be exceeded drastically. In Jhigatala substation on 
5th April and 9th April 2009 can demonstrate the scenario of 
maximum delay occurred in a breaker operation. On 5th 
April in a certain incident the breaker tripping loop iteration 
of 16000 ms provides in this case a Jitter of 14000 ms. 
Operational time delay variation depends on many 
parameters on which one of the most frequent reason is due 
to operating system. As soft RT operating system does not 
work well when other non RT tasks run simultaneously. 
Apparently the operating system of SCADA which is in this 
case DEC OSF/1 for DPDC causes the influential effect for 
the instability as soft RTOS is vulnerable to interruption 
while multitasking. SCADA operates their entire DPDC 
control network by five console computers on UNIX 
platform. Each of them may involve at different tasks at the 
same time for example printing data, breaker commands and 
status updates of RTUs. These multitasking may cause the 
operational periods to be fluctuated significantly in each 
command. The Jitter of 14000ms could have been halted by 
a time critical operating system like Real-Time Linux. RT 
Linux can reduce the maximum time delay and restrict the 
desired loop iteration within 2000ms. 

 
6   HARD REAL-TIME OS 

 
A hard real time system is an information system, whose 
correction depends on moment in time when logic output 
occurs rather than the logic output of the algorithm. The 
hard real time application fails if their operating system 
timing requirements are not satisfied [7, 12].  The output is 
required to reach within a precise time interval. A real time 
system is not necessarily fast, but must be accurate in time 
rather then resulting correct output. The design of the real 
time system goes under multiple stages. Identification of the 
task, which suppose to be performed, and the satisfactory 
temporal restriction come at the first stage. The next stage 
goes under the code is developing and the measuring run 
time of each task and then precision of time constrain test is 
executed to ensure that the tasks will not miss their deadline 
while the system is running. However, the soft real time 
applications tolerate large latencies in what they have 

requested from the operating system. The real time system is 
implemented with a combination of Linux, RT-Linux, data 
acquisition cards, source code and standard PC. 

7   RELATED EXPERIMENTS ON REAL-TIME ENVIRONMENT 
 
Evidently in case of multitasking soft real time operating 
system works less efficiently as traditional non RT tasks can 
be interrupted. Besides response of a system can be 
minimized and countered by running the tasks under hard 
RT operating system, for example RT Linux. An experiment 
has been performed under Control Application Research 
Group (CARG) of BRAC University by implementing a 
PID controller algorithm in RT-Linux environment to 
compare the PID controller step response in different 
environment (soft and hear real-time) and improving the 
performance over the Windows environment  illustrated in 
[7]. The experiment  regarding SCADA system was 
replicated with the PID controller because of two inevitable 
reasons, SCADA control equipments were far beyond our 
reach and to compare the performance between two 
operating system windows XP and RT Linux, Knopix3.0 
since there was a unavailability of UNIX as DEC OSF/1. 
The Real-Time system is the accurate system which gives 
lowest latency on processing different parameters of 
proportional, integral and differential controller and through 
this real-time environment the servomotor control unit is 
controlled. This experiment shows that the delay 
performance of PID algorithm can be significantly 
countered under real-time implementation. Reducing the 
delay and enhance the stronghold controller act in RT-OS 
leads the system with minimized measurement noise. In 
order to obtain best response sampling rate of 10msec is 
chosen for soft real-time case and 1msec is chosen for hard 
real-time case. The time responses are examined both in 
hard real-time and soft real-time environment. The results 
which will be demonstrated on the subsequent part of this 
paper in hard real-time performed faster than in soft real-
time due to the lower latency of RT-Linux. Multitasking is a 
very important factor in our cyber world. But it will be more 
efficient when it will be uninterruptible. On the other hand 
accuracy is another unavoidable factor [19]. In a different 
experiment another experiment has been done on implement 
a closed loop system for stepper motor using RT LINUX in 
case of multitasking. As a result the total system can drive 
parallel task simultaneously and error free driving of stepper 
motor. A large number of work and application has been 
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already done on error free system of stepper motor. Some 
are based on microcontroller, some are using LINUX based 
program and other are using modified driver circuit. But in 
this particular work the specialty is to drive the stepper 
motor with maximum accuracy in case of uninterrupted 
multitasking where the task is processing in a RT kernel. In 
this work the main factors are the DAQ card which is used 
for multitasking, an optical encoder to get the feed back 
from the stepper motor and finally a program which is run 
the entire system and if any type of error occur, it will take 
the necessary immediate action. So the accuracy in case of 
multitasking environment will be maximized. The results in 
subsection 7.2.1 showed that RT Linux can perform more 
consistently on multitasking condition with relatively less 
response time. 

 
7.1 Hard Real-Time PID Controller 
   In this work the PID controller implementation under soft 
real-time is presented in the VCL program on MS15 –DC 
motor control module (Servo controller). The system 
included a 120 MHz Pentium laboratory PC with Windows 
XP installed, connected a servo system through a parallel 
port. The servo system module enables the user to perform 
closed-loop, positional or a speed control of a DC motor. 
Speed of rotation and positional feedback information are 
available in both analog and digital forms, but particularly in 
this experiment the module was controlled by analog system 
[16].The PID controller under RT-Linux environment 
comprised a 120 MHz Pentium laboratory PC had been in 
use for soft RTOS with the feedback modules and ax5411 
data acquisition card. RT-Linux 3.0 has been loaded to 
execute the real-time thread of PID controller [7]. A real-
time thread program is developed based on the PID 
algorithm in terms of the necessary requirements of the 
software [7, 13]. A priority scheduling real-time kernel was 
implemented for the data acquisition card with dissimilar 
sampling and hold rate. During the initialization step, the 
tasks are assigned to each module. The flow of data to and 
from the data acquisition card is implemented with real-time 
tasks through real-time FIFO. Interrupt-based techniques 
had been applied to handle three real-time tasks mentioned 
as A/D conversion, real-time thread program execution and 
D/A conversion. The inter-task communication among the 
three real-time tasks is done with shared memory. The RT-
kernel receives a fixed set of tasks at the time of 
initialization and each of the tasks has a priority level 
assigned in the pre-emptive scheme. The real-time task 
communicates with non real-time Linux and the data 
acquisition card and the RT-FIFOs avoid message losses. 
High level interfaces between the user and the experiment 
had been provided by non real-time GUI program using 
GTK (GIMP Tool Kit) in the Linux environment. The non 
real-time critical set of tasks can be mentioned as data 
logging, display and GUI. The real-time tasks deliver results 
to Linux at a low rate and final data through shared memory 
and circular buffer under the data acquisition scheme. 

7.1.2 PID Controller Experiment Result  
Initially of the experiment, soft real-time PID controller has 
been considered [7]. The servo system was operated using 
Ziegler-Nichols parameters and the system response had 
been observed in terms of delay time, rise time, peak time, 

settling time and overshoot. The same experiment was 
performed using RT-Linux real-time thread program. The 
comparative results in soft real-time and hard real-time 
environment are as follows:          

TABLE 7.3:  TD, TI, TP, TS PARAMETERS [7] 
 

Parameters Soft  
real-time 
PID 

Hard 
real-time 
PID 

Faster rate 

Delay Time, TD 0.10s 0.064s 1.56 times
faster 

Rise time, TR 0.19s 0.103s 1.84 times
faster 

Peak Time, TP 0.31s 0.146s 2.12 times
faster 

Settling time, TS 0.70s 0.35s 2 times
faster 

% Overshoot, Mp 25% 25% Same 
 
The delay time is the time required for the response to reach 
half the final value. From the table above it is found that the 
delay time TD = 0.10 second for soft real-time PID controller 
and the hard real-time it is reduced to 0.064 second which is 
1.56 times faster than the soft real-time. Responses of servo 
system with PID controller in soft and hard real- time 
environment with necessary parameters are illustrated in [7]. 
TR is the time required for the response to rise from 0% to 
100% of its final value. For the soft real-time, the rise time 
is 0.19sec and for hard real-time it is 0.103sec. Thus, the 
response time is 1.84 times faster in hard real-time PID 
controller. The peak time, TP (time required for the response 
to reach the first peak of the overshoot) is 0.31sec for soft 
real-time where on the other hand for the hard real-time, it is 
0.146 sec which gives 2.12 times improvement. Settling 
time Ts is also 2 times faster in hard real-time. The settling 
time zone is considered ± 2%. Percentage peak overshoot is 
25% for both (hard real-time and soft real-time PID 
controller) case. Overall, it clearly illustrates that there is 
improvement in system response for hard real-time PID 
controller over soft real-time PID controller. 
 
7.2 RT-LINUX Stepper Controller on Multitasking  
   To get the maximum performance of stepper motor, 
different types of improvement and work has been done. In 
this work a control system of stepper motor by using Real 
Time Linux has been implemented [19]. RT Linux program 
algorithm was used where the motor is controlled in Real 
time kernel so no other task can interrupt this task in case of 
multitasking. Data Acquisition Card (PCL-812PG) was 
connected to sent signal and receive signal from hardware 
interface. A GUI interface controller was also developed in 
this work to make it easier to use. The Linux based 
simulation program interacts with hardware interface to 
drive the stepper motor in real-time environment in case of 
multitasking mode. So the driver circuit drives the motor by 
using the command from the RT program by using the DAQ 
card. Stepper motor is largely used for the purpose of 
accurate and efficient movement. However, miss stepping 
leads to main problem, therefore many types of work have 
been done to find the remedy including developing many 
types of algorithm and programs. But in case of multitasking 
that work are not much efficient and the non RT task can be 
interrupt by other tasks in soft or non RTOS. The system can 
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be more If RT Linux takes the action in multitasking 
environment. In this work a RT Linux PC controlled the 
entire system in real-time method. A PC-812PG DAQ card 
is used to send and receive data from the hardware interface 
and multiple tasks can be controlled by this device. PC-
812PG is a high performance, high speed and multi-function 
data acquisition card for IBM PC and compatible computers. 
It is ideal for wide range of applications in industrial & 
laboratory environments. These applications include data 
acquisition, process control, automatic testing & factory 
automation. The main purpose of this card is to receive and 
send signal to the external hardware interface. It is mainly 
used for multitasking in real-time environment. Driver 
circuit ULN2003 had been in use to receive data from the 
DAQ card and drives the unipolar stepper motor according 
to the data. The unipolar stepper motor is having 5 wired 
stepper motor with step size is 1.8 degree. It gives in clock 
wise or anti clock wise rotation. It mainly converts the 
electrical pulse into mechanical signal.  
 
7.2.1 Stepper Motor Experiment Results 
   An experiment in BRAC University laboratory has been 
performed to compare the control of stepper motor in 
different environment (RT Linux, non RT Linux and 
Windows). DSO was used to measure the reading for each 
of the stator signal from the stepper motor in case of 
multitasking. At that time four programs were running 
simultaneously for each of the cases which make the CPU 
occupied near about 90% for RT LINUX and 70% for Non 
RT Linux and Windows. Then the compression of the 
procured result varying the time resolution for 10 ms, 1s and 
2 second had been done. The table 7.2.1 illustrates that in 
case of 1 sec time resolution for 90 degree full rotation 
Windows takes 7.92s where non real-time Linux takes 6.16s 
and hard RT Linux takes 6.00s in multitasking mode. It is 
proved from this experiment that RT is better than Non RT 
Linux and performs much better than windows OS.  
Increment of the timing resolution up to 10ms allows non 
RT and windows to give irregular movement of the stepper 
motor, however RT Linux worked properly. After increasing 
the time duration up to 2s, some miss steps occurs both in 
soft RT Linux and windows but  on the other hand RT Linux 
was  working accurately. 
 

TABLE 7.2.1: STEPPER MOTOR FOR 90 DEGREE ROTATION 
 

Parameters Windows Soft RT 
Linux 

Hard RT 
Linux 

Time Difference
(10ms period) 

Random movement 
with severe 
interruption 

Irregular 
Waveform 

59.2 ms 

Time Difference
(1Sec period) 

7.92 s 6.16 s 6.00 s 

Time Difference
(2Sec period) 

0.31s 0.146s 2.12 times 
faster 

 
This control system works in between 1ms < T < 3s. 
Because in case of 1ms there is irregular movement of motor 
is occurred and in case of using any time duration which is 
greater than 3s gives some irregular movement too. For 
closed loop control system of stepper in case of 
multitasking, RT Linux based algorithm is used to control 
the stepper motor and error correction as well. In this 
experiment had shown the response of the system in case of 

multitasking in both real-time and non real-time 
environment. In terms of controlling a stepper motor the RT 
Linux based control algorithm performed with real-time 
response and error correction feature comparing to any other 
soft or non real-time operating system.   
 

 
 

Fig. 7.2.1: Wave form of Windows under Multitasking (1sec delay/pulse) 
 
The wave forms for soft RT Linux, windows and Hard RT 
Linux are given in the three consecutively on the figure 
above. There are other sets of responses can be found from 
10ms, 2sec and the nature of wave form can be measured 
from those figures.  
 

 
 

Fig. 7.2.2: Wave form of soft RT under Multitasking (1sec delay/pulse) 
 

 
 

Fig. 7.2.3: Wave form of Hard RT under Multitasking (1sec delay/pulse) 
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