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Abstract

Nowadays the use of vehicles for mobility has become so important that one of the
necessities of life. This widespread use has exacerbated the traffic congestion problem day after

day. This work proposes a solution to minimize the impact of this problem as much as possible.

An on-road sensing-based system is proposed with web-based publishing abilities. Three
decision-making mechanisms are presented: (i) Single Sensor Method (SSM), (ii) Long Inter-
sensors Distance Method (LIDM), and (iii) Short Inter-sensors Distance Method (SIDM). SIDM
provides updated calculations of the speed and the distance between two vehicles, so it gives a
semi-full picture about traffic flow parameters. This what led us to SIDM choice in decision-

making mechanism.

By installing this system on a specific road, it is expected to get an updated description of
traffic congestion situation on that road. The road description ranges from free-flowing (no-
congestion) to high congestion. This information can be published on websites so that drivers
can benefit from them directly or through local radio which relays this information and

announces it on the air.
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1.1 Overview

Nowadays the development enters into all aspects of human life. One important
aspect of this development is the widespread use of modern means of transportation.
So, rarely you can find a house free from a car or any kind of vehicles that used for
movements of family members. Of course this aspect of development has its great
benefits on human life, such as: saving times, efforts and facilitates people

movements from one place to another.

But although the great benefits of the development in transportation, this
widespread use of this aspect causes the appearance of a disturbing and alarming
problem, it is traffic congestion.

This project will be interested in trying to solve this problem and reduce its
impact as much as possible. We aim to design a system that could try to reduce this
problem as much as possible. Off course we will benefit from the previous approaches

and studies about this problem in our design and work.

In a specific road, a fixed number of sensors of a specific type (that we will
illustrate later) will be distributed along the road. The distance between each two
consecutive sensors are known and specific. Each sensor will sense the part of the
road in front of it and check if a vehicle exists in this part or not. So, each sensor in
this road will get analog data refer to its part status and send them continuously by a
transmitter (after converting them to digital data by analog to Digital) to a control
module that will gather this data, make some analysis depending on the assumptions
and theories that we will use, then get the conclusions, finally send the results to an

internet website using wireless technologies.

One possible scenario that may happen and may be considered as a meaningful
scenario is: if any sensor or two consecutive sensors record an existence of a vehicle
for a particular (mostly long) time in a part of the road, the final result that will be
sent to the website about this case will describe this situation as a congestion.

Figurel.l below describes the system in a simple manner
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Figure 1.1: Traffic Congestion Avoidance and Diminution System



1.2 Project Importance

The importance of this project is due to that it deals with a very important and

vital aspect in human life that is the traffic on streets and roads, which suffers the

problem of traffic congestion. Here are some reasonable justifications and reasons for

the project importance:

Reducing the congestion problem in the roads will automatically reduce the
number of road accidents.

Saving time and effort for driver and passengers.

Saving the fuel of the vehicles.

Saving the roads from the heavy load that results from Conglomerate of the
cars specially in the bridge that may be main reason in the collapse of the
bridges.

In general the congestion causes noise in the city and bothers all people in the
area around.

The congestion will increase the emitting of the harmful gases in the middle
of the city which increases the air pollution.

Some time the congestion affects negatively on people so that it may cause
nervous tension to some of them due to the delay Whether to the work or to
the home.

Congestion may cause failure in the job of the firemen and ambulance and

this leads to disastrous and terrible results.



1.3 Project Objectives

In general, maybe the main objective that any university or academic
establishment considers it when it obligates its students to accomplish a self-solved
projects on the eve of their graduation is to examine and evaluate their scientific
abilities and skills, we, as a students, also aim to use what we have obtained from the
university in our analyzing and solving of project problem to prove that we worth this
graduation. So, we can consider the previous as a general and common objective
among the university and the students. There are also other objectives related to this

project we aim to achieve them as much as possible, they are:

1- To provide information about traffic congestion situations in specific roads,
these information can be used by drivers to avoid high congested roads.

2- To find the optimal track in reaching a destination in terms of time, cost, and
efficiency.

3- To contribute in solving the problem of traffic congestion with such system
design and implementation.

4- To evaluate the system efficiency in a different environments and conditions.

5- To benefit from the available technologies in this age to design systems that

we hope it will benefit our society.

1.4 Literature review

Now let's talk briefly about some previous related literature that suggested and
used different solutions and systems to deal with this disturbing problem, traffic
congestion. Of course using sensing techniques (as in our project) to suggest solutions

for this problem has been used in previous studies as we will illustrate in this section.

One of the important approaches that we will review here is the use of the
pheromone mechanism. Originally a pheromone is a chemical media used for
communication between individuals of the same species (such as: ants and bees). A
group of researchers [ suggested an approach that applies this mechanism to predict
traffic situation. They suggested a model that regards cars as ants or bees which
deposit pheromone on the pheromone potential field. Cars equipped with some kind
of sensors would deposit multiple pheromone on the basis of sensed traffic
information. Other cars that follow their route would avoid traffic congestion by

checking the intensity of pheromone.



The pheromone here is a digital pheromone which represents an aggregated
information deposited by agents (cars) depending on some events and by using
different flavors of this digital pheromone. They suggested a three flavors of the
digital traffic pheromone to improve system performance. The three kinds (flavors)

are:

1- Basic traffic pheromone: a pheromone of repulsion which informs other cars
about the possibility of an increase in traffic congestion. Each car, equipped
with a speed sensor and a communication device, deposits basic traffic
pheromone according to congestion rate (represented by speed as they
considered). So a car agent will deposit some amount of pheromone depending

on its speed.

2- Braking pheromone: a pheromone of repulsion which informs other cars
about the possibility of an increase in traffic congestion. Each car, equipped
with a brake sensor, deposits this repulsive pheromone. Generally, stepping on
brakes causes traffic congestion; thus, a car agent will deposit some amount of

pheromone depending on the number of times its brakes are applied.

3- Distance pheromone: a pheromone of attraction (differs from the previous)
which informs other cars about the possibility of a decrease in traffic
congestion. A car equipped with a millimeter-wave radar deposits this
pheromone. Generally, the distance between cars increases with decreasing
congestion level. Thus, a car agent will deposit some amount of pheromone

depending on its distance between cars.

Another suggested approach which benefits from recently wide using of car
navigation system. A car navigation system provides three information parameters:
current position of the vehicle, the destination and the currently chosen route to the
destination. If vehicles in a city could share this information, they could use traffic
information to globally plan semi-optimal routes for each vehicle. The approach
suggests a cooperative car navigation system with route information sharing (RIS). In
the RIS system, each vehicle transmits route information (current position,

destination, and route to the destination) to a route information server, which



estimates future traffic congestion using this information and feeds its estimate back

to each vehicle. Each vehicle uses the estimation to re-plan their route 1.

Other previous researches that suggested a short-term traffic congestion
prediction approach used mainly two types: one is based on statistics of past traffic
fluctuation patterns. The other is based on traffic simulation. Statistical prediction is
performed by matching current traffic patterns (time series data) to typical traffic
patterns in the past. The most applicable pattern among the past traffic patterns is used
for future-pattern prediction. The time span may vary from minutes to days depending
on the application. The simulation based model describes the mutual interference of
cars that consists of running car dynamics, various road types, traffic flow model, and
driver model. Thus, the simulation tends to be complicated and time consuming .

Some of previous suggested systems are based on the use of an on-road sensing
techniques. For instance, pairs of inductive loop detectors can be used to identify
vehicles based on their length. Another instance is the use of imaging-based sensing
techniques. Unfortunately such techniques are too expensive for widespread
deployment and maintenance even in developed countries. Another drawback is that
most of these systems make assumptions of traffic orderliness which make them
almost inapplicable for chaotic road conditions that most of developing countries
characterized by.

Other studies suggested using of probe-vehicles’ GPS traces, they first classify
the road network into segments delimited by traffic signals. Temporal and spatial
speed traces within each segment are then analyzed, and a thresholding technique is
developed to categorize traffic within the segment as congested versus free-flowing.
Such probe-based techniques are more applicable to developing regions due to the

lower cost, and lack of traffic orderliness assumptions.

Other researchers proposed the use of audio-based techniques. For instance the
use of radars. Radars are based on this principle, and the adaptation of the technique
to police “speed-guns” is common. Radars require the sound beam to be “aimed” at a
specific moving vehicle. But this approach may face many challenges on a road where

there are multiple vehicles of various sizes (i.e. multiple sources of reflection), and



where the ambient noise is high. Others suggested the dependence of honk sounds
originating from moving vehicles. Their technique used pair of low-cost audio sensors
deployed on the road-side, and is based on the Doppler shift of vehicular honks, to
estimate vehicular speed !,

1.5 Project schedule

Now let us review the project schedule involving the main activities with which

the project will be developed by. The project schedule is divided in two schedules:

1- First semester project schedule: Schedule refers to the activities should be
done in the first semester. Figure 1.2a shows first semester activities.
2- Second semester project schedule: Schedule refers to the activities should

be done in the second semester. Figure 1.2b shows second semester activities.

Here we will review the activities of the first semester and illustrate them by

Gantt chart. The activities that we planned to be are:

1- Submit a proposal for our chosen suggested project (Al).

2- Specify project activities that we will achieve them sequentially or
simultaneously (A2).

3- Collect related information involving previous studies, theoretical related
topics and any other useful data (A3).

4- Prepare project documentation which will be submitted finally to the
department (A4).

5- Search for suitable chips that we will use them in our model design (AS5).

6- Prepare initial design that represents our system design in a
detailed manner (A6).

7- Prepare project presentation to present our project to the department at the
end of the first semester (A7).

8- Submit project document to the department, and this document will be the

final project document release (A8).
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1.6 Project risk management

Any project Can be exposed to a set of risks that may impede the normal progress
of that project. In general any probable risk involves two characteristics:
1- "Uncertainty: the risk may or may not happen; that is, there are no 100%
probable risks.
2- Loss: if the risk becomes a reality, unwanted consequences or losses will

occur" B,

To analyze the probable project risks in a proper manner, the analysis must
include the different risks categories that may affect any project even our project. The
categories are: project risks, technical risks and business risks. Analyzing those risks
categories is somehow a quantifying of the level of uncertainty and the degree of loss

associated with each risk [°!. Here are some samples of each risks category:

1.6.1 Project risks
The risks that threaten the project plan, they can be categorized as follows:

a. Hardware & Software Risks
e Lack of needed chips or/and software development tools.
e Late delivery of some purchased chips from their sources.
e A computer or some chips may damage during developing or testing
operations.

e A self-implemented software may be lost.

b. Team Risks
e Absence of one or more of the team due to abnormal conditions.
e llIness of one or more of the group members.

e Group meeting difficulties.

c. Others
o Difficulty in gathering needed information about previous studies or
about a specific sub-problem.

e Chaos of the schedule of different activities.
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1.6.2 Technical risks

Mainly threaten the quality and timeliness of the project. We can illustrate this

risks category with the following instances:

e Difficulty in software implementation of some chips and what types of
programming languages we can use, the same situation may face
interfacing and testing.

e Ambiguity in specifying the final form of the project and when and where
we can say the project completely has be done.

Shortly we can say that technical risks occur because the project's
problem is harder to solve than we thought it would be.

1.6.3 Business risks

They threaten the viability of the project (as a whole) to be built. In general a
business risks are considered as a really threats that the success of any project
depending on what range they can be bypassed and avoided. This because they
represent whether the project is economically feasible or not when it is accomplished
for the end-user. In academic projects usually it's about models and so this threats are
less important, but it still important. Some instances of business risks involve the

following:

e The maximum budget that we expected it will be needed for
accomplishing the project become insufficient.

e The donor that promised to provide financial support to the project stops
its support.

e Repeated damage for system chips during testing operations may increase

seriously the estimated cost of the project.
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1.7 Cost estimation

Table 1.1 shows estimated hardware costs.

1 Sensors 60%$
2 PIC Microcontrollers 15%
3 Wi-Fi module 150%
4 System model 240%

Total ($) 465%

Table 1.1: Estimated hardware costs

Table 1.2 shows estimated software costs

1 Mplab 15%
2 Labview 7.1 100%
3 Web domain 10$
4 Dreamweaver 60%$
5 Core FTP 10$
6 Orcad 9.2 50%

Total ($) 245%

Table 1.2: Estimated software costs
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1.8 Project Road map

Chapter One: Introduction

An introduction to what we want to do and solve, collecting, reading and
understanding previous studies of what we need to know about the project, we will
mention the central problem that we wish to solve, surrounding all aspects as we can,
mention the importance of this project especially in our society where we live and
which we wish to benefit by this project.

Also, we will put our plans and schedules to deliver our project to the safe side
and to divide our time and organize it to determine when the different activities and
tasks must begin and end leading finally to accomplish the project completely.

Chapter Two: Theoretical Background

In this chapter we will talk about the theories and subjects that may help us in
illustrating and designing our system. We will talk about topics such as: traffic flow,
traffic jam, Doppler effect and others related topics.

Chapter Three: Design Options

Here an exhibition for the design options and methodologies we have
suggested for decision making mechanisms to this system. There are three suggested
methods: Single Sensor Method (SSM), Long Inter-sensors Distance Method (LIDM),
and Short Inter-sensors Distance Method (SIDM). They will be illustrated carefully in
this chapter.

Chapter Four: Project's Conceptual Design

In this chapter we will try to draw the general features of our project system
by showing the expected design of this project including some details about the
physical devices and components, different diagrams that describe the stages of the
design evolution and the methods that we are planning to use in designing and
interfacing this system. A preview in which system modules should be connected to
interact properly with each others and give the desired targets that we hope to achieve.

We will also make a model to simplify our work environment.
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Chapter Five: Implementation

In this chapter we will begin to give more details and go deeply in our system
design. We will review the system implementation involving its two aspects:
hardware and software.

In hardware we will review the number and types of the used electronic chips,
the subsystems circuits and what each subsystem consists of, the task of each
subsystem and its place of the overall system and the whole system with its overall
task.

In software we will review each subsystem corresponding program, the
function of each program and the overall function of the set of programs to achieve

the fully functional system.

In this chapter also an illustration of our work upon the model that we will test
our system by means of it. This involves diagrams and pictures that illustrate model
details (size, dimensions, each subsystem position and any benefit tools that we may
use in the model). Of course we will practically build the model and prepare it for

testing operations.

Chapter Six: Testing

In this chapter we will illustrate testing operations that we performed upon the
system, review the results data, make some analysis to compare results with expected

results and test the functionality percentage of the whole system.

Chapter Seven: Conclusion and future works

In this chapter we will review the conclusion statements that we conclude
them from our whole work upon this project, and we may give some suggestions for

other students or researchers that want to continue in this aspect of research.
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CHAPTER TWO

THEORETICAL
BACKGROUND

2.1 Preface.

2.2 Traffic flow theory.

2.3 Sensors.

2.4 PIC.

2.5 Wi-Fi.

2.6 RSS.

2.7 The effects of traffic congestion.
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2.1 Preface

In this chapter we begin investigate the theoretical aspect of the traffic flow
and we consider the equations that describe the traffic flow, then we will talk about
sensor technology, applications and types. Next the microcontroller (PIC) will be
presented in a few details of its core architecture, characteristics and applications.
Will be talk about the RSS web service with few XML presentation. Next we will list
the effect of the traffic congestion, and how the large cities suffer from the
congestion. We possible to imagine that how are the sick people and patient transport

by helicopters to arrive the hospital and this is calamity itself.
2.2 Traffic flow theory ]

Traffic Flow Theory is a tool that helps transportation engineers understand and
express the properties of traffic flow. At any given time, there are millions of vehicles on
our roadways. These vehicles interact with each other and impact the overall movement
of traffic, or the traffic flow.

Whether the task is evaluating the capacity of existing roadways or designing
new roadways, most transportation engineering projects begin with an evaluation of
the traffic flow. Therefore, the transportation engineer needs to have a firm

understanding of the theories behind Traffic Flow Analysis.

A traffic jam can be defined as the following: a line of vehicles waiting behind
something that is blocking the road , the traffic jam is the biggest problem that
experience the Specialists in the large city, for example we talk here about London the
capital of England, the Observers put a thousand of cameras distributed in the main
street in the city, these cameras connecting to many control center to solve the traffic
jam, we also continue talking about traffic flow , how we are solve this problem?

What the developed countries do to put suitable solution to solve the problem.

2.2.1 Types of Traffic Flow

Traffic flow can be divided into two primary types. Understanding what type
of flow is occurring in a given situation will help you decide which analysis methods

and descriptions are the most relevant.
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The first type is called uninterrupted flow, and is flow regulated by vehicle-
vehicle interactions and interactions between vehicles and the roadway. For example,

vehicles traveling on an interstate highway are participating in uninterrupted flow.

The second type of traffic flow is called interrupted flow. Interrupted flow is
flow regulated by an external means, such as a traffic signal. Under interrupted flow
conditions, vehicle-vehicle interactions and vehicle-roadway interactions play a
secondary role in defining the traffic flow.

2.2.2 Traffic Flow Parameters

Traffic flow is a difficult phenomenon to describe without the use of a
common set of terms. The following paragraphs will introduce most of the common

terms that are used in discussions about traffic flow.
Speed (v): The speed of a vehicle is defined as the distance it travels per unit of time.

Volume: Volume is simply the number of vehicles that pass a given point on the
roadway in a specified period of time.

Flow (q): Flow is the rate at which vehicles pass a given point on the roadway, and is

normally given in terms of vehicles per hour.

Peak Hour Factor (PHF): The ratio of the hourly flow rate (g60) divided by the
peak 15 minute rate of flow expressed as an hourly flow (q15). PHF= g60/ q15.

Density (k): Density refers to the number of vehicles present on a given length of
roadway. Normally, density is reported in terms of vehicles per mile or vehicles per
kilometer. High densities indicate that individual vehicles are very close together,
while low densities imply greater distances between vehicles.

Headway, spacing, gap, and clearance are all various measures for describing

the space between vehicles.

Headway (h): Headway is a measure of the temporal space between two vehicles.
Specifically, the headway is the time that elapses between the arrival of the leading
vehicle and the following vehicle at the designated test point. Headway is usually

reported in units of seconds.
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Spacing (s): Spacing is the physical distance, usually reported in feet or meters,
between the front bumper of the leading vehicle and the front bumper of the following

vehicle.

Vehicle 1.0
Vehicle 2.0
Vehicle 3.0

—

Headway (sec) between 1.0 and 2.0

7

[ Spacing (ft,m) between 2.0
and 3.0

Distance from Origin (ft)

Time (sec)

Figure 2.1: Illustration of Headway and Spacing parameters.

Gap (g): Gap is very similar to headway, except that it is a measure of the time that
elapses between the departure of the first vehicle and the arrival of the second at the
designated test point. Gap is a measure of the time between the rear bumper of the
first vehicle and the front bumper of the second vehicle, where headway focuses on

front-to-front times. Gap is usually reported in units of seconds.

Clearance (c): Clearance is similar to spacing, except that the clearance is the
distance between the rear bumper of the leading vehicle and the front bumper of the
following vehicle. The clearance is equivalent to the spacing minus the length of the

leading vehicle. Clearance, like spacing, is usually reported in units of feet or meters.
2.2.3 Speed-Flow-Density Relationship

Speed, flow, and density are all related to each other. The relationships
between speed and density are not difficult to observe in the real world, while the

effects of speed and density on flow are not quite as apparent.

Under uninterrupted flow conditions, speed, density, and flow are all related

by the following equation:

q=kx*xv (2.1)
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Where

g = Flow (vehicles/hour)

v = Speed (miles/hour, kilometers/hour)

k = Density (vehicles/mile, vehicles/kilometer)

Because flow is the product of speed and density, the flow is equal to zero
when one or both of these terms is zero. It is also possible to deduce that the flow is

maximized at some critical combination of speed and density.

Two common traffic conditions illustrate these points. The first is the modern
traffic jam, where traffic densities are very high and speeds are very low. This
combination produces a very low flow. The second condition occurs when traffic
densities are very low and drivers can obtain free flow speed without any undue stress
caused by other vehicles on the roadway. The extremely low density compensates for

the high speeds, and the resulting flow is very low.
2.2.4 Shock Waves:

Shock waves that occur in traffic flow are very similar to the waves produced
by dropping stones in water. A shock wave propagates along a line of vehicles in
response to changing conditions at the front of the line. Shock waves can be generated

by collisions, sudden increases in speed caused by entering free flow conditions.

The equation that is used to estimate the propagation velocity of shock waves

is given below.

Vew = @y —a)/ ey —kg) (22)

Where

Vsw = propagation velocity of shock wave (miles/hour)

gp = flow before change in conditions (vehicles/hour)

ga = flow after change in conditions (vehicles/hour)

ky, = traffic density before change in conditions (vehicles/mile)

k, = traffic density after change in conditions (vehicles/mile)

Note the magnitude and direction of the shock wave:
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(+) Shock wave is travelling in same direction as traffic stream.

(-) Shock wave is traveling upstream or against the traffic stream.

2.3 Sensors!®

A sensor is a device that converts a physical phenomenon (analog signal) into
an electrical signal (digital signal). So we can say sensors represent part of the
interface between the physical world and the world of electronic devices, such as
computers. In our project we will depend on sensor technology to measure the
different parameters that will guide us to take correct decisions about the traffic status.

The parameters that we will try to compute by this technology are:

1- Speed: for each vehicle.
2- Clearance: distance between each two successive vehicles.

2.3.1 Characteristics of Sensor
Now let us talk about the Sensor Performance Characteristics:

2.3.1.1 Transfer Function

The transfer function shows the functional relationship between physical input
signal and electrical output signal. Usually, this relationship is represented as a graph
showing the relationship between the input and output signal, and the details of this
relationship may constitute a complete description of the sensor characteristics. For
expensive sensors that are individually calibrated, this might take the form of the

certified calibration curve.

2.3.1.2 Sensitivity

The sensitivity is defined in terms of the relationship between input physical
signal and output electrical signal. It is generally the ratio between a small change in
electrical signal to a small change in physical signal. As such, it may be expressed as
the derivative of the transfer function with respect to physical signal. Typical units are
volts/kelvin, millivolts/kilopascal, etc.. A thermometer would have “high sensitivity”
if a small temperature change resulted in a large voltage change.
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2.3.1.3 Span or Dynamic Range

The range of input physical signals that may be converted to electrical signals
by the sensor is the dynamic range or span. Signals outside of this range are expected
to cause unacceptably large inaccuracy. This span or dynamic range is usually
specified by the sensor supplier as the range over which other performance
characteristics described in the data sheets are expected to apply. Typical units are

Kelvin, Pascal, Newton, etc.

2.3.1.4 Accuracy or Uncertainty

Uncertainty is generally defined as the largest expected error between actual
and ideal output signals. Typical units are Kelvin. Sometimes this is quoted as a
fraction of the full-scale output or a fraction of the reading. For example, a
thermometer might be guaranteed accurate to within 5% of FSO (Full Scale Output).
“Accuracy” is generally considered by mythologists to be a qualitative term, while
“uncertainty” is quantitative. For example one sensor might have better accuracy than

another if its uncertainty is 1% compared to the other with an uncertainty of 3%.

2.3.1.5 Hysteresis

Some sensors do not return to the same output value when the input stimulus
is cycled up or down. The width of the expected error in terms of the measured
quantity is defined as the hysteresis. Typical units are Kelvin or percent of FSO.

2.3.1.6 Nonlinearity

The maximum deviation from a linear transfer function over the specified
dynamic range. There are several measures of this error. The most common compares
the actual transfer function with the “best straight line,” which lies midway between
the two parallel lines that encompass the entire transfer function over the specified
dynamic range of the device. This choice of comparison method is popular because it
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makes most sensors look the best. Other reference lines may be used, so the user

should be careful to compare using the same reference.

2.3.1.7 Noise

All sensors produce some output noise in addition to the output signal. In
some cases, the noise of the sensor is less than the noise of the next element in the
electronics, or less than the fluctuations in the physical signal, in which case it is not
important. Many other cases exist in which the noise of the sensor limits the
performance of the system based on the sensor. Noise is generally distributed across
the frequency spectrum. Many common noise sources produce a white noise
distribution, which is to say that the spectral noise density is the same at all
frequencies. Johnson noise in a resistor is a good example of such a noise distribution.
For white noise, the spectral noise density is characterized in units of volts/Root (Hz).
A distribution of this nature adds noise to a measurement with amplitude proportional
to the square root of the measurement bandwidth. Since there is an inverse
relationship between the bandwidth and measurement time, it can be said that the

noise decreases with the square root of the measurement time.

2.3.1.8 Resolution

The resolution of a sensor is defined as the minimum detectable signal
fluctuation. Since fluctuations are temporal phenomena, there is some relationship
between the timescale for the fluctuation and the minimum detectable amplitude.
Therefore, the definition of resolution must include some information about the nature
of the measurement being carried out. Many sensors are limited by noise with a white
spectral distribution. In these cases, the resolution may be specified in units of
physical signal/root (Hz). Then, the actual resolution for a particular measurement
may be obtained by multiplying this quantity by the square root of the measurement
bandwidth. Sensor data sheets generally quote resolution in units of signal/root (Hz)
or they give a minimum detectable signal for a specific measurement. If the shape of
the noise distribution is also specified, it is possible to generalize these results to any

measurement.
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2.3.1.9 Bandwidth

All sensors have finite response times to an instantaneous change in physical
signal. In addition, many sensors have decay times, which would represent the time
after a step change in physical signal for the sensor output to decay to its original
value. The reciprocal of these times correspond to the upper and lower cutoff
frequencies, respectively. The bandwidth of a sensor is the frequency range between
these two frequencies.

2.3.2 Classifications of Sensors

Sensors can be classified in different ways. One is from signal conditioning
point of view sensors can be either active or passive.
Active sensor: it requires an external source of excitation. Resistor-based sensors
such as thermistors, RTDs (Resistance Temperature Detectors), and strain gages are
examples of active sensors, because a current must be passed through them and the
corresponding voltage measured in order to determine the resistance value. An
alternative would be to place the devices in a bridge circuit; however, in either case,

an external current or voltage is required.

Figure 2.2: RTD sensors.
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Passive sensor: also it is called self-generating. It generates its own electrical output
signal without requiring external voltages or currents. Examples of passive sensors are
thermocouples and photodiodes which generate thermoelectric voltages and

photocurrents, respectively, which are independent of external circuits.

Figure 2.3: Photodiode sensor.

The most conventional way for classifying sensors is with respect to the
external circuit requirement, in other meaning with respect to the physical property

the sensor is designed to measure. Thus, we have several general types such as:

Proximity sensor:

It is a low cost, solid-state device that is manufactured with various
technologies, configurations and sensing ranges. It operates in fast manner on ac or dc

voltage, inherent long life and compatible with industrial controllers.

Figure 2.4: proximity sensor.
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Inductive proximity sensors detect all metals, ferrous metals only, or non-

ferrous metals only depending on what technology it is constructed with.

Inductive electromagnetic inductive sensor consists of a pair of coils that are
wired in a bridge circuit and biased with an ac signal. If a conducting object is
positioned near the end of the device, it is closer to the sense coil than the reference
coil. The presence of a conductor has an important and complicated effect in this

situation.

In our project we will use this type of sensors, which are used to sense the
existence of any nearby metal object. Since our project depends on car-sensing
operations to calculate cars speeds and between distances.

And there are others types of sensors, but we think that the previous

mentioned instances are enough.

24 PICH
2.4.1 Whatis PIC?

A highly integrated chip that contains all the components comprising a
controller. Typically this includes a CPU, RAM, some form of ROM, 1/O ports, and
timers. Unlike a general-purpose computer, which also includes all of these
components, a microcontroller is designed for a very specific task — to control a
particular system. As a result, the parts can be simplified and reduced, which cuts

down on production costs.

Figure 2.5: PIC Microcontroller
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2.4.2 Core Architecture of PIC

The PIC architecture is characterized by its multiple attributes:

1 Separate code and data spaces (Harvard architecture) for devices other than
PIC32, which has a Von Neumann architecture.

2 A small number of fixed length instructions

3 Most instructions are single cycle execution (2 clock cycles), with one delay
cycle on branches and skips

4 One accumulator (WO0), the use of which (as source operand) is implied (i.e.
is not encoded in the opcode)

5 All RAM locations function as registers as both source and/or destination of
math and other functions.

6 A hardware stack for storing return addresses

7 A fairly small amount of addressable data space (typically 256 bytes),
extended through banking

8 Data space mapped CPU, port, and peripheral registers

9 The program counter is also mapped into the data space and writable (this is

used to implement indirect jumps).

2.4.3 Data Space (RAM)

The PIC have a set of general purpose register RAM, the special purpose
register that centralized on-chip hardware are also mapped into data space, the
addressable of memory varies based on series of devices, and the all PIC device have
some mechanism to spread addressing to additional memory, the earlier series
features move the instruction which can cover all addressable space, not based on the
selecting bank, also in earlier devices the register which to move can be achieved
based on the accumulator, External data memory is not directly addressable except in

some high pin count PIC18 devices.
2.4.4 Code Space

The code space in general implemented on read only memory (ROM),
EPROM or flash memory, generally the addressable of externally memory is not
directed due to the lack of an external memory interface, The exceptions are PIC17
and select high pin count PIC18 devices.
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245 Word Size

The word size of PIC can seems as a source of confusion, all PICs handle the
data in 8-bit manner that seems to be as small pieces or chunks, thus called 8-bit
microcontroller, the unit of addressability of the code space is not generally the same
as the data space, the program memory capacity is usually stated in number of (single
word) instructions, rather than in bytes.

2.4.6 Stack

The use of stack in PIC began with 18 series. Stack is used for saving return
addresses by a hardware call stack. So 18 series architecture more friendly to high

level language compilers.
2.4.7 Instruction Set

The instruction set of PIC generally varies from 35 instructions (low-end
PICs) to 80 instructions (high-end PICs). It includes various operations, on registers

(accumulators and other general purpose registers), on memory and on peripherals.
2.4.8 Applications

There are many applications that depend on PIC in their design and
construction, especially in embedded systems such as:  Audio, Automotive,
Communication/wired, Computers and peripherals, Consumer, Industrial, Imaging and
video, Medical, Military/aerospace, Mobile/wireless, Motor control, Security, General

Purpose, Miscellaneous.

25  Wi-Fil™™ @)

2.5.1 Definition

Wi-Fi is an abbreviation of Wireless Fidelity, it consists of set of standards
that related to Wireless Local Area Network (WLAN), based on IEEE 802.11
specifications. The main goal of this technology is to be used for wireless devices and
LANS, but almost used for internet access, it enable the communication between a
user has wireless-enable in his machine or personal digital assistant for connecting to

the internet when in proximity of an access point that known as hotspot.
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2.5.2 Advantages of Wi-Fi

e Allows LANs to be deployed without cabling, potentially reducing the costs of
network deployment and expansion. Spaces where cables cannot be run, such as
outdoor areas and historical buildings, can host wireless LANs.

e Wi-Fi products are widely available in the market. Different brands of access points
and client network interfaces are interoperable at a basic level of service.

e Competition amongst vendors has lowered prices considerably since their inception.
e Many Wi-Fi networks support roaming, in which a mobile client station such as a
laptop computer can move from one access point to another as the user moves around
a building or area.

e Many access points and network interfaces support various degrees of encryption to

protect traffic from interception.

26 RsSY

2.6.1 Definition

(Really Simple Syndication): It's an XML language that—used in combination
with specialized software packages called RSS aggregators or news aggregators—
allows a user to subscribe to a web site or section of a web site and receive quick

summaries when that site is updated.
There are different versions of CSS as Table 2.1 illustrates:

Table 2.1: RSS versions and recommendations

RSS versions and recommendations

Version Owner Pros Status Recommendation
0.90 Netscape Obsoleted by Don't use
1.0
0.91 UserLand | Drop dead Officially Use for basic
simple obsoleted by syndication. Easy
2.0, but still migration path to 2.0 if
quite popular you need more
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flexibility
0.92, UserLand | Allows richer Obsoleted by Use 2.0 instead
0.93, metadata than 2.0
0.94 0.91
1.0 RSS-DEV | RDF-based, Stable core, Use for RDF-based
Working extensibility via | active module | applications or if you
Group modules, not development need advanced RDF-
controlled by a specific modules
single vendor
2.0 UserLand | Extensibility via | Stable core, Use for general-
modules, easy active module | purpose, metadata-rich
migration path development syndication
from 0.9x branch

2.6.2 RSS syntax

RSS defines an XML grammar (a set of HTML-like tags) for sharing news.
Each RSS text file contains both static information about your site, plus dynamic

information about your new stories, all surrounded by matching start and end tags.

Each story is defined by an <item> tag, which contains a headline TITLE,
URL, and DESCRIPTION. Here's an example:

<item>

<title>RSS Resources</title>
<link>http://www.webreference.com/authoring/languages/xml/
rss/</link>

<description>Defined in XML, the Rich Site Summary (RSS)
format has

quietly become a dominant format for distributing
headlines on the Web.

Our list of links gives you the tools, tips and

tutorials you need to get
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started using RSS. 0323</description>

</item>

2.7  The effects of traffic congestion %

2.7.1 Pollution

One of the most harmful effects of traffic congestion is its impact on the
environment. Despite the growing number of hybrid vehicles on the road, cars
stopped in traffic still produce a large volume of harmful carbon emissions. Besides
contributing to global warming, these emissions can cause more short-term and
localized problems, such as smog and increased respiratory problems in a community

due to poor air quality.

2.7.2 Economic Impact

Drivers who encounter unexpected traffic may be late for work or other
appointments, causing a loss in productivity for businesses and in the drivers' personal
lives. Traffic delays may also slow down the shipping of cargo if delivery trucks can't
remain on schedule due to a congested route. Drivers who know that traffic
congestion is likely may decide to forgo an activity altogether, leading to less

consumer spending and lower event attendance.

2.7.3 Road Rage

Drivers who become impatient may be more likely to drive dangerously. This
contributes to poor health for those affected by the stress and puts other drivers in
danger. Road rage also increases the danger posed to emergency workers or
construction crew members who are working on the congested road close to

dangerous drivers.

2.7.4 Encouraging Mass Transit

One beneficial effect of traffic congestion is its ability to encourage drivers to
consider other transportation options. In cities with frequent traffic congestion,
individuals often choose a subway, light rail or bus service. These options reduce
traffic on the roads, have less of an environmental impact and reduce the stress

associated with driving in heavy congested traffic.
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DESIGN
OPTIONS

3.1Preface.
3.2Decision Making Mechanism.
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3.1 Preface

In this chapter a discussion about decision making mechanism to illustrate the
design options which can be followed to give descriptions about traffic congestion
situations in different roads and streets. There are many design options can be
suggested for this purpose. First: Single Sensor Method (SSM). Second: Long Inter-
sensors Distance Method (LIDM). Third: Short Inter-sensors Distance Method
(SIDM). The details of each one will be illustrated and justified in this chapter.

After studying and analyzing the three above mentioned methods we have
chosen the third method (SIDM) the basis for our design methodology. The first
method (SSM) was excluded since it is trivial and doesn't give a good indication for
traffic flow parameters. The second (LIDM) was more expensive and may suffer from

high decisions error rate, so it was excluded.
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3.2 Decision Making Mechanism

This section shows three different methodologies can be used in making
decisions about traffic congestion situation. Before start previewing the three methods
the term "Sensing Module™ must be cleared. It is a module in which sensors sense the
presence of vehicles and send their output to the controller to take appropriate

decisions. Only one sensing module exists in each project-like full system.
3.2.1 Single Sensor Method (SSM)

The first method is a trivial one in which it depends on using only one single

sensor in each sensing module. Simply two different cases can be detected:
Casel: vehicle detection.
Case2: no vehicle detection.

Figure 3.1a,b illustrates how the system seems in its sensing module side.

D---.I
I

(a) Case 1: vehicle detection

C

(b) Case 2: no vehicle detection

Figure 3.1: Single Sensor Method
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The single sensor will continue sensing the presence of any vehicle in a
specific road with a specific distance far away the road downstream. When the sensor
detects a vehicle presence in that road for relatively long time, this can be considered
as a traffic congestion instance.

If a continuous detection operation takes time larger than a specific time as a
threshold value a traffic congestion can be recorded. Generally most of traffic lights
take two minutes in its red, so we can consider this period (two minutes) as a

threshold of traffic congestion presence.

The time period in which a detection operation takes, determines the level of
congestion that road exposed to. Here, a three levels of traffic congestion can be
considered: high, low and no congestion. In this approach the time period that larger
than threshold value refers to high traffic congestion, the time period that is shorter
than threshold value refers to low traffic congestion and the last level refers to no

congestion.

The expected output parameters which traffic congestion analyzer module

determines in each deciding operation is:

1- Vehicle presence.
2- Time of presence.

Depending on this parameters values and time period threshold value (T),
Traffic Congestion Analyzer (TCA) module can make decisions about traffic

congestion situations according to levels illustrated in Table 3.1:

Table 3.1: Congestion levels of (SSM)

o o Time period T
Level no Presence Situation (Decision) .
(minutes)
Level 1 No No congestion —
Level 2 Yes Low T<2
Level 3 Yes High T>2
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It must be mentioned that in this method (and in fact in all methods) the
location where the sensor must be put in the road is the mid of this road. The reason
of this choice refers to that in all roads usually the upstream and downstream are
exposed to passing relatively a large number of vehicles, almost in all times due to the
presence of traffic lights and police that may stop some vehicles to edit traffic
violations. So, checking the congestion situation in those locations seems to be

inaccurate.

The number of sensing modules related to how many full system modules are
used in the same road, and the last depends on length and location of the road which
help determining the general traffic congestion situation.

3.2.2 Multiple Sensors Methods

The next methods depend on using more than one sensor in each sensing
module. Two approaches emerged are:

1- Long Inter-sensors Distance Method (LIDM).
2- Short Inter-sensors Distance Method (SIDM).

3.2.2.1 Long Inter-sensors Distance Method (LIDM)

This method depends on leaving relatively long distance between each two
successive sensors in a sensing module. The large number of sensors used in a sensing
module, the more accurate traffic congestion information can be achieved, and also
the more cost. We will take an instance in which three sensors are used in a sensing
module for previewing this method. Using more than three sensors seems to be

excessively cost with no really more worthy advantages.

The main idea of the this method depends on the same one used in previous
(one sensor) method in terms of using the sensing module to detect a presence of
vehicle by checking variations in sensing module output. The difference that
differentiates this method from its previous one that it has (in addition to one sensor
detection) two more vehicles detection cases: two sensor detection and three sensor

detection.
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The distance between two neighbors sensors in a sensing module assumed to
range from 12 to 15 m (this means that the range of inter-vehicle distances is
approximately 9 to 12 m, after subtracting two parts of two neighbors vehicles
length). See Figure 3.2.

-— - vehicle ==

59-12 m;
L]

[}
'
'
[}
'
] [}
' '
- - 12-15m A
& O< > sensor
Figure 3.2: Long Inter-sensors Distance Method (LIDM)

Choosing this range is due to the consideration of Stopping Distance ™!
(distance needed to stop a travelling vehicle from observing an emergence occurrence
happened to the complete stop of that vehicle). Usually this distance in intra-cities
roads with maximum 50 Km/h legal vehicles speed, must be larger than this range.
But due to narrowness in our intra-cities roads even with illegal vehicles speed

exceeds 50 Km/h, this range represents approximately the real life.

Four considerable cases may be observed in a sensing module side to be used

in decision making mechanism by Traffic Congestion Analyzer, they are:

1- No vehicle detection:

Traffic Flow ! ’ ’
— L] ] i
] (] i
] (] L]
[ ] (] ]
] (] i

Sensoro < O

Figure 3.3a: No vehicle detection
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2- One vehicle detection:

ITraffic Flow : :
' '
vehicle - - -
' ' '
i i i
Sensor o o o
Figure 3.3b: One vehicle detection
3- Two vehicles detection (simultaneously):
ITraf“fic Flow :
) '
venice [N I -
' ' '
' ' '
sensor o o o
Figure 3.3c: Two vehicles detection
or
. L}
Traffic Flow '
) '
ence I - )
' ' '
' ' '
Sensor o o o

Figure 3.3d: Two vehicles detection
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4- Three vehicles detection (simultaneously):

Traffic Flow

g
SEHSDI’C:} C:} C:}

Figure 3.3e: Three vehicles detection

Of course, there are other possible cases like one vehicle detection by the first

sensor, but finally all other possibilities will turn to one of the above cases.

This method depends on a Voting System mechanism. A vehicle that enters
the range of sensing module will pass through three beams of three sensors. When it
crosses the third sensor beam, the time in which this vehicle lasts within beam range
will be recorded in addition to vehicle detection case. Once the last vehicle detection
case has been ended and no vehicle detection case occurred, it (the case) will be

recorded as one vote (to one of previous cases) in a voting table.

Notice that the case: no vehicle detection is used to separate between

consecutive votes, so it will never be recorded in voting table.

To illustrate this method, let's take the following consecutive cases sequence

in the same road (as an example):

1- One vehicle detection.
2- One vehicle detection.
3- Two vehicles detection.
4- Two vehicles detection.
5- Two vehicles detection.

6- Three vehicles detection.

The previous cases will be recorded in the Voting table as shown in Table 3.2

which represents an example of Voting table contents.
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Table 3.2: Voting table

Case
Voting Time
Number
1 VD1 t1
2 VD1 to
3 VD2 t1
4 VD2 07)
5 VD2 t23
6 VD3 t31

Notice that each one of the voting entities VD1, VD2 and VD3 votes to one
detection case:

VD1: votes for one vehicle detection case.
VD2: votes for two vehicles detection case.
VD3: votes for three vehicles detection case.

The number of each voting selection can be obtained by the second index number in
Time column of t's values, whereas the first index number represents the detection
case. The t's values are timestamps that store initial, final and duration times of

capturing one of previous cases.

Now decisions about traffic congestion situations will be taken depending on
the number of each voting entities. By using (LIDM) method we can classify traffic

congestion levels as in Table 3.3.
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Table 3.3: Congestion levels of (LIDM)

Max voting Time duration
Level no Situation (Decision)
entity (minutes)
Level 1 VD1 Low t<?2
Level 2 VD2 Moderate t<?2
Level 3 VD3 High

Table 3.3 gives a general traffic congestion levels classification. There are other
situations that may appear as a result of voting operation, for example an equal
number of two or three voting entities, another example is if VD1 has the maximum
number of votes, but all recent records votes to VD3, it is not acceptable to make a

decision of low traffic congestion with these recent records.

The troubleshooting from previous conflicts is achieved by using timestamps
values. Votes of newer initial time should have further consideration over votes of
older ones, (e.g. more than one vote for newer in a specific range time). Another
troubleshooting measure is clearing VVoting table each a specific period of time, (i.e.,
every specific time period (e.g. one hour) a new voting operation starts and all

previous votes are flushed or stored as history).
3.2.2.2 Short Inter-sensors Distance Method (SIDM)

The last method (SIDM) depends on leaving relatively short distance between
the two sensors in a sensing module. This method may seem to be similar (in a
particular manner) to the previous (LIDM) method, but indeed it is quite different.
This method will employ data gathered by the sensing module in computing two

important traffic flow parameters:

1- Speed (v): The speed of a vehicle is defined as the distance it travels per unit

of time, (e.g., speed in terms of kilometers per hour).
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2- Clearance (c): The distance between two successive vehicles, (i.e., the distance
between the rear bumper of the leading vehicle and the front bumper of the

following vehicle), usually in terms of feet or meters.

Figure 3.4 illustrates parameters of (SIDM). Notice that V1 is the speed of the

first (leading) vehicle, and V2 is the speed of the second (following) vehicle.

ITraffic Flow
Clearance .
—>
vehicle -—
V1

b v2
I

-
-

O—0 Sensor

1 meter

Figure 3.4: Short Inter-sensors Distance Method (SIDM)

The distance between two sensors in a sensing module is assigned to be 1
meter. This value is chosen since it is short enough to apply analysis and calculations
about the two parameters (speed and clearance), the mechanism of calculating these
parameters will be illustrated in later paragraphs. Assigning shorter distance is

avoided to take in consideration the delay that resulted from sensors response time.

The previous parameters (speed and clearance) must be computed and
accumulated to gain average values, so continuously average speed and clearance of
vehicles on a particular road will be already computed. These average values will be
compared with threshold values to take the proper decisions about traffic congestion

situation on that road.

Threshold values will be chosen depending on consideration of answers of the

following questions:

1- What is the maximum speed value law obligates drivers not to violate it on
roads within cities? And do drivers comply to the law ? If not, what is the
maximum speed do they comply to (in general)?

2- What is (in general) the minimum inter-vehicles distance, drivers must

keep with vehicles directly in front of their vehicles?
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A driving instructor can answer these two questions. Mr. Abu Suhaib said that
in general most of drivers comply to law of maximum speed within cities, which is 50
km/h, especially after installation of radars. About distance, he said that every driver
must keep distance equal or greater than Stopping Distance (distance between two
vehicles, leading and following, enough for driver of the following vehicle to stop it
safely if an emergency suddenly appears to the leading vehicle). This distance is

estimated by driver depending on the speed his vehicle travels in.

RSA (Road Safety Authority, Ireland, UK) publishes in its website ! a set of
rules that drivers should apply during driving. Under the topic "Stopping distances for

cars", it is stated that stopping distance depends on several factors, they are:

1- Driver's perception time: how long driver takes to see a hazard and
his/her brain realizing it is a hazard requiring him/her to take immediate
action. This can be as long as 1/4 to 1/2 of a second.

2- Driver's reaction time: how long driver takes to move his/her foot from
the accelerator to the brake pedal once his/her brain understands he/she is
in danger. His/her reaction time can vary from 1/4 to 3/4 of a second.

3- Vehicle's reaction time: how long vehicle takes to react. This depends on
the condition the vehicle is in and, in particular, the condition of the
braking system.

4- Vehicle's braking capability: it depends on many factors, such as: brakes,
tire pressure, the weight of the vehicle, the vehicle's suspension and road

surface.

RSA also publishes under the same topic a set of total stopping distances (to
ensure safety), with their corresponding vehicles speeds. Table 3.4 shows some

instances.

Table 3.4: Stopping distance (under dry conditions)

Speed Stopping distance
(km/h) (m)

30 10.8

50 24.0

60 32.4
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The threshold values that we will consider in determining speeds and
clearances in this method are: 50 km/h for speed, and its corresponding stopping
distance 24.0 m. The reason of this selection is that this system is designed and
implemented to be applied in cities and towns and usually the maximum speed in

these areas is 50 km/h.

Now let's illustrate how to calculate speed and clearance values. It should be
mentioned that speed here is the average speed (scalar absolute value). The average

speed is determined by the following equation:

Distance(d)

Speed(v) = Time(t)

(3.1)

Where,

(v): The average speed, it is usually expressed by: v

(d): Distance here is displacement of vehicle, it is usually expressed by: Ax
(t): Time needed to travel across this distance, it is usually expressed by: 4¢

Another important equation is the equation of acceleration in terms of change
in speed and change in time, as follows:

change in Speed(Av)

(3.2)

Accelerati -
ceeleration(a) =~ ve in Time(80)

Where,
(a): the acceleration of vehicle
(4v): change in speed, (i.e., v2 — v1)

(At): change in time, (i.e., t2 - t1)
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Speed calculation

To calculate the speed of each vehicle we need knowledge about two
parameters, distance (d) and time (t). For each vehicle we need two speed values in
order to calculate the acceleration (a), by which we will use to calculate the clearance.

Figures 3.5a,b illustrate how to calculate the first speed of a travelling vehicle.

Traffic Flow i
]
— — ' —
]
! vehicle
O—O Sensor
1 meter
Figure 3.5a: First speed calculation
Traffic Flow

vi '
!

[ ]
]
T T

SO sensor

1 meter

Figure 3.5b: First speed calculation

In figure 3.5a, when the vehicle (front bumper of the vehicle) crosses the beam
of the first sensor, the time (T1) is recorded. Then in figure 3.5b, when the vehicle
crosses the beam of the second sensor, the time (T2) is recorded. The distance here is
that between the two sensors. Now we can calculate the first speed (V1) of the vehicle

as follows:

Vi=1/(T2-T1) (3.3)
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To calculate a second speed for the same vehicle, it is needed other values o
time with known distance. Figures 3.5c,d illustrate how to calculate the second speed

of the same vehicle.

ITraffic Flow
— _ vehicle -
' I3
L '
. s
O—=0 Sensor
1 meter
Figure 3.5¢: Second speed calculation
lTraffic Flow Veh".:le

<
N
L}
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N

. o o o o o

-

OO Sensor

1 meter
Figure 3.5d: Second speed calculation

In figure 3.5¢c when the vehicle (the rear bumper of the vehicle) leaves the
beam of the first sensor the time (T3) is recorded. Then when it leaves the beam of the
second sensor the time (T4) is recorded, as in figure 3.5d. With the same distance
between two sensors, 1 meter, we can now calculate the second speed of the vehicle
(V2) as follows:

V2 =1/(T3-T4) (34)

So we can say now speed calculation is accomplished. Speed here usually
expressed in terms of km/h. The two values of speed will be needed in clearance

calculation to calculate the acceleration.
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Clearance calculation

The second important parameter that should be calculated is clearance,
distance between two successive vehicles. Let's discuss the following figure, figure

3.6a,b to illustrate how clearance can be calculated.

vehicle1 Jraffic Flow vehicle2
— Clearance " -
szo
O O sensor
Figure 3.6a: Clearance calculation
. Traffic Flow
vehicle2 Initial position
T22 H ____________
Vil '

L -

S O sensor

Figure 3.6b: Clearance calculation

When vehiclel leaves the beam of the first sensor time is recorded for it as
(T3), or (T13) to indicate that it is for vehiclel. For calculating the acceleration of
vehiclel, vehicle2 or any vehicle we should apply the equation (3.2). For vehicle2
there is two speeds V21 and V22 - change in speed. The time in which V21 (V1 for
vehicle2) is calculated is T22 (T2 for vehicle2), and the time in which V22 is
calculated is T24. So the acceleration of vehicle2 can be calculated in the following

manner:

A2 =(V22-V21)/(T24 - T22) (3.5)
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After calculating the acceleration of vehicle2, we can calculate the speed
(V20) in which vehicle2 travel at the time vehiclel leave the beam of the first sensor,
in this case the time is (T13), see figure 3.6a. We can use (V21) or (V22) with their
corresponding time, (T22) and (T24) respectively. The speed (V20) can be calculated

as follows:

> A2=(V21-V20)/(T22-T13)
> V20=V21-A2%(T22-T13) (3.7)

Now we can calculate the clearance distance by the equation (3.1) as follows:
=>» (learance = V20 *(T21 - T13) (3.8)

Notice that the time in (3.4) is the time in which vehiclel leave the first sensor
subtracted from the time in which vehicle2 cross the first sensor.

Congestion decisions

The decisions that Traffic Congestion Analyzer will take about congestion
situation in a specific road depend on comparing the average of the accumulated
values of speed and average of accumulated values of clearance, with the threshold
values. Earlier in this section we select a threshold value of 50km/h for speed, and

24m for clearance. See table 3.4.

The resultant average values will be normalized to one, and divided by two.
This only to gain values ranging from zero to one and similar to percentage format.
The average of speeds and of clearances are called VV_avg and C_avg respectively. To
make a decision the analyzer will continuously compute a normalized value (N) as

following:

> N=((V.avg/50) + (Cavg/24))/2 (3.9)

The levels of congestion are classified depending on N values. See table 3.5.
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Table 3.5: Congestion levels of (SIDM)

Case number Situation (decision) N value
1 No congestion N>1
2 Low 1>N=>0.67
3 Moderate 0.67>N=>0.33
4 High 33>N>0

In the implementation process of this system this method (SIDM) will be used
and preferred over the previous two methods (OSM and LIDM). This choice refers to
the large amount of information this method provides (theoretically). By using of this
method, approximately a complete set of Traffic Flow parameters (in addition to
speed and clearance) can be gained such as: volume, flow, density, headway and other

parameters.

Another reason is that this method gives more accurate decisions, and it can
offer a historic statistics for researchers about roads the system installed on. It can

also used by authorities to give solutions to most-time congested roads.
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CHAPTER FOUR

DESIGN

4.1 Preface.

4.2 Block diagram
4.3 Hardware design
4.4 Software design
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4.1 Preface

In this chapter a description for the structure of the system, its interactive
procedures, and its logical and physical overview. An exhibition of the block diagram
from different points of view. A functional block diagram describes the system from
its functions point of view, a set of block diagrams that describes each subsystem as a
single, and a general block diagram that describes the whole system and shows how

subsystems interact with each others to achieve the desired goals.

In addition, the main hardware modules that constitute the system will be
studied and illustrated carefully. The illustration answers what are the components
each subsystem consists of, and what are the functions of each subsystem. Finally a
detailed preview of system software design involving algorithms and flowcharts that

illustrate each subsystem module from software point of view.
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4.2 Block Diagram
4.2.1 Sensing

Sensing module: in this part, we take values from sensors on road after passing
vehicles, this values is analog data can be depend it in estimate congestion, can
increase the number of modules to increase accuracy in estimating of traffic

congestion. Figure 4.1 shows this part:

Figure 4.1: Sensing module

4.2.2 Calculating and Deciding

Congestion analyzer module: we take analog values from sensors to execute
calculations in these values, depend on PIC controller in convert data from analog to
digital, then calculate and send values of speed, distance, and decision to next module.

M

/O Memory

Figure 4.2 shows this part:

ADC CPU

Figure 4.2: Congestion analyzer module
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4.2.3 Publishing

Wi-Fi module transceiver: this transceiver import data (speed, distance, decision) by
wired connection with congestion analyzer module, then send data by connection
wireless automatically to web server by any access point near to it. Figure 4.3 shows
this part. Figure 4.4 shows the access point.

Figure 4.3: Wi-Fi module transceiver

Figure 4.4: Access point
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Web server: representation of data about traffic congestion that taken from
controller can be generalization on society by web server was designed to this
purpose, and can be benefit by this data to utility other web sites by RSS technology.
Figure 4.5 shows this part.

&

Figure 4.5: Web server

RSS service: can provide automatically data about traffic congestion in
specific road for many subscribers on internet to supply driver or whatever about
status of specific road to select another road and walk it to traffic congestion
avoidance. Figure 4.6 shows RSS sign.

Figure 4.6: RSS Feed
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4.2.4 General Block Diagram

Now we will exhibit the general block diagram that contains all previous
components in one expressive system diagram. Figure 4.7 shows the whole system

block diagram.
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Sensing Decisiqn
data ADC CPU
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e

3

Subscriber N

Web server
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I point

Figure 4.7: System block diagram
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4.3 Hardware Design

We will talk about hardware design in the system, so we will describe the

different main modules of the system as follows:
4.3.1 Sensors

This device located in the side of the road to provide signal to detect passing
of the vehicles and sending the values as an analog data to the next module (PIC
controller), may be sensor is single or multiple based on the design policy that be

assumed to decision of the congestion on the specific road. See figure 4.8.

y Proximity sensor

l Send analog

#d Received data

data

Vehicles on a road

Microcontroller

Figure 4.8: Sensor diagram

4.3.2 PIC microcontroller

Through reception data from sensor this device act as a broker between the
sensor and the next module (Wi-Fi). The main function in this module is process data
from analog to digital by ADC(analog-to-digital convertor) that built in internally and
based on the process that mention above to transmit digital values of speed, distance
and decision to the Wi-Fi module. See figure 4.9

Recieve analog data ™ send digital data

Proximity sensor PIC controller Wi-Fi wireless
internet

Figure 4.9: PIC microcontroller diagram
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4.3.3  Wi-Fi wireless module

This device receives digital data from PIC controller to send it to the next to
generalize data; the data include speed, distance and decision on specific road. Wi-Fi

wireless internet consist, See figure 4.10

Recieve digital data send digital data

PIC controller Wi-~Fi wireless Access Point
internet

Figure 4.10: Wi-Fi diagram

4.3.4 Access point

When Wi-Fi received data then transmit it to nearest access point to it, the access
point in turn receives the data and send it to specific web server specially prepared for
receives this data, the signal that received from Wi-Fi can be pass through more than
one access point to access the destination, figure 4.11 illustrate the functionality of
this module.

Recieve digital data send digital data
L J ]

Wi-Fi wireless Access Point Web Server
internet

Figure 4.11: Access Point diagram

4.35 Web Server

The web server used in this state to publishing data about congestion state in
specific road in particular city, there are many options to reserved web server domain,
the first is free reserved domain from internet (without money); problem of this option
is limited time life and space of domain, second option is purchase domain of web

server from the internet, and third option is run local host as server by software
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Specially manufactured to this purpose, we choose the first or final option because

limited possibilities.

The drivers can be known state of congestion in specific road directly by web
server or by using RSS service where is provide by web server automatically to web
sites that sharing with it, for example announcer news read state of specific road
through web site sharing the RSS technology.

4.4  Software Design
4.4.1 PIC Controller program

The PIC microcontroller can be programmed in C language that supported by
MPLAB software developed by Microchip, whereas each pin that is needed in this
device will be programmed, it well be known in PIC 18 family, generally it contains
ports; PORTA, PORTB, PORTC, and other ports. PORTA is multiplexed data (digital
and analog), thus the data entry from the sensor to the controller through this port is
treated as an input data that should be gathered and processed. An option of
programming any other port as digital output data is available because these ports are
not multiplexed data.

The operating code for PIC is called Traffic Congestion Analyzer (TCA). This
program will perform the analysis and calculations to achieve the proper decisions
about traffic congestion situation, so it can be considered as the main program of the
system or system brain (in software point of view). Figure 4.12 is a flowchart that
illustrates the function of the analyzer depending on (SIDM) method. Figure 4.13
illustrates the algorithm of Decision Making subroutine which used at the end of TCA

to give the final decision of traffic congestion situation.
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Figure 4.12: Algorithm for the operation of TCA
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Figure 4.13: Algorithm for Decision Making subroutine

(N values from Table 3.5, page 49)
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Another important diagrammatic system representation is the UML class
diagram. It shows the relations among system entities and the attribute of each entity.

Figure 4.14 shows the whole system UML class diagram.

UML CL ASS DIAGRAM : Traffic Congestion Avoidance and Diminution System
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Web server Access point
ip 0.* relay_data 0..* lip
domain_name name
Publish Relay_data

Figure 4.14: System UML class diagram
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4.4.2 Wi-Fi module programming

A configuration to the Wi-Fi module must be done to specify the address of
the web server to which data should be transmitted after processing it by controller.
Programming of Wi-Fi wireless module can be done through a special software called
Tera term, which is available for download in the internet (an open source software),
then programming Wi-Fi by using this software to transfer processed data coming
from controller to web site to publish the traffic congestion status for a specific road.
Labview will be used to receive the information from a port configured by Tera term.

4.4.3 Website

After access data to Wi-Fi should be generalize it by using several technology,
we are selected web site because easy to access it and available for all, there are a lot
of languages can be programmed web site, we selected PHP language to
programming this web site among the several languages, because dealing with it is
easy comparing among the other languages in programming internet to web sites. And

also the interaction with databases is more consensual than other languages.

4.4.4 RSS feed

Web sites can be publishing updated data from specific web site common with
RSS feed technology; this technology used for updating data automatically from the
original web site that provides this data.

Programming of this technology is through special language called XML, this
language act as method to describe data and restructuring on internet where can be by
using programs such as database benefit from this data and search in it, and obtain the

information from it.
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CHAPTER FIVE

IMPLEMENTATION

5.1 Preface.
5.2 Hardware implementation.
5.3 Software implementation.

5.4 Model implementation.
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5.1 Preface

After illustrating the design methodology of this project it is the turn for
implementation to be shown and illustrated. The policy is to view the basic
implementation ideas and the core of each software code, whereas the whole details
and the complete software codes will be written in the appendices at the end of this
documentation. Also some security issues will be illustrated.

Of course, besides the software codes, hardware should be shown and
implemented with circuit's details and schematics. Hardware implementation will be

introduced first to get closer into the general shape of the project.

Finally, we must not forget the implementation of the model on which this
system will be installed and tested. A mini wood-based street-like section is used to
get testing values and results. The complete details and descriptions will be shown
later in this chapter.
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5.2 Hardware implementation

In this section a description of hardware implementation consists of three
basic parts, the first part about the sensors; two proximity sensors are used to detect
any object (vehicle is intended here) passes in front of the sensor.

The second hardware part is the PIC microcontroller; it performs the core
operation assigned to this system. It makes basic analysis and calculation operations
involve speed, acceleration and clearance calculations to determine level of the traffic

congestion.

Thirdly, it is the WiFly module; this part is responsible about receiving data
serially from PIC microcontroller and forwarding them wirelessly to a specific web

Server.
5.2.1 Sensors

There are many types of sensors that may attain the required function of the
sensing module. They differ slightly or strongly in their beams, ranges, power
characteristics and other factors. Actually, sensors job is detecting vehicles so
proximity sensors are the most appropriate useful sensor type since they are object-

detecting-based sensors.

GP2Y0A21YK IR (Infra Red) proximity sensor seems to be the best choice
for such system functionality and model, so it is used. For a real world installation
such sensor may not practical since its operating distance is too much short and

cannot give the expected and desired results.

GP2Y0A21YK contains three pins should be connected for proper operating.
The first pin is the analog output of sensor (Vo) with which PIC microcontroller
analog channel must be connected to receive analog data, the second pin with ground
(GND), and the third pin must be connected with 5v (Vcc). Figure 5.1a,b shows the
GP2YO0A21YK IR sensor.

This sensor is based on an infra-red beams that reflected from a detected
object (vehicle) and received by the sensor lens as an analog data which is sent out to

the output pin.
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Figure 5.1a: GP2Y0A21YK IR proximity sensor
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I

Figure 5.1b: GP2Y0A21YK IR proximity sensor

13.5

An IR-based proximity sensors are preferred since they provide a sufficient
distance range (up to 80 cm), and this is suitable for this system model. For more
about GP2YO0A21YK IR proximity sensor characteristics, see its datasheet in
appendix A.
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5.2.2 PIC microcontroller

The PIC microcontroller represents the brain of this system. Many available
PIC types can be used. PIC18F4550 (manufactured by Microchip Technology Inc
company), is selected for many justified reasons. It is categorized as high-
performance PIC microcontroller type with enhanced features and capabilities. It can
be programmed either by MPASM assembler, or MPLAB C18 that used C language
(finally a HEX file is needed). PIC18F4550 is the reliable microcontroller in PPU
advanced microcontroller lab, and so students became more familiar with its

interfacing and programming

PIC18F4550 has 40 pins. Figure 5.2 shows the pin diagram for it. The
minimum requirements of pins connections of PIC18F4550 operational circuit are

shown in Figure 5.3 circuit schematic.

S ° \_/
MCLR/VER/RES —= [ 1 40 [1 = RABT/KBIZ/PGD
RADAND =[] 2 39 [] = RBG/KBIZPGC
RA1/ANT =—=[7 3 38 [] =—= RBS/KBI1/PGM
RAZ2/ANZ/VREF-/CVREF <—=[] 4 37 [] =——= RB4/AN11/KBID/CSSPP
RAZ/ANSVREF+ =—=[] 5 36 (1 =— mBR3/ANg/CccP2iveo
RA4/TOCKICIOUT/RCY =—[]6 35 [1 == BB2/ANS/INT2/VMO
RAS/AN4/SSHLVDIN/C20UT -—=[] 7 34 [] == RBU/AN1OINT1/SCK/SCL
AEQ/ANS/ICK1SPP =—=[1 8 0o 33 [] =—= RBO/AN1ZINTO/FLTO/SDISDA
RE1/ANG/CK2SPP =—=[] 0 0w 32 [] =——— V0D
REZ/ANT/OESPP =—[] 10 T F 31 [] =——Vss
VOD — [ 11 @ @ 30 [] =—= RD7/SPP7/PID
V58 ——[T7 12 SR &) 29 [] =— RDE/SPPE/PIC
DSC1/CLKI — [] 13 oo 28 [] =— RD5/SPP5/P1B
OSC2/CLKO/RAE ~—[7] 14 27 [1 =—= RD4/SPP4
RCOT10SO/T13CKI =[] 15 26 [] == RCT/RX/DT/SDO
RC1T10sUCcCP2VIOE =—= [0 16 25 [] =— RACB/TX/CK
RC2/CCPIPIA «— [T 17 24 [] =— RCE/D+/NVP
VUSE =—=[7 18 23 [] =—— BC4/D-VM
RDO/SPPO = » [T 19 22 [] == RD3/SPP3
RD1/SPP1 =[] 20 21 [] == RD2/SPP2

Figure 5.2: PIC18F4550 pin diagram
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Figure 5.3: Minimum PIC18F4550 operational circuit

Pin1 MCLR is connected with a resistance (1-10K), R is connected with +5V
Vcce. Pinl1,32 (VDD) with +5V Vcc and pinl12,31 (VSS) with ground. An external
crystal oscillator can be added between pinl3 (OSC1) and pinl4 (OSC2) to get
external clock oscillating, otherwise, the internal oscillator of PIC18F4550 will be
used instead. For more characteristics, features and details about PIC18F4550 see its

datasheet in appendix A.

PIC18F4550 microcontroller will receive the analog data from sensors Vo pins
by any two analog channels of its 13 channels. These analog data will be used by the
traffic congestion analyzer program installed in the PIC18F4550 to determine whether

a vehicle is detected by a sensor or not.

After the traffic congestion analyzer has finished the decision-making process,
(the software process will be illustrated later in this chapter) PIC18F4550 will send
the resultant values and information to the WiFly module through the USART serial
port. In fact this system consists of three main parts in its schematic point of view, so

the overall schematic circuit will be shown at the end of this section (5.2).
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5.2.3 WIiFly GSX transceiver

A module with Wi-Fi-based technology is needed to accomplish the task of
this system. WiFly GSX module is a qualified 2.4GHz IEEE 802.11b/g transceiver
which provides Wi-Fi technology. It is a stand alone, embedded wireless 802.11

networking module with low power consumption. Figure 5.4 shows the module.

Figure 5.4: WiFly GSX module

Sparkfun® company one of the main on-line electronics sellers provides a
development tool for WiFly module called WiFly shield (Figure 5.5), which
facilitates using and connecting WiFly. The module needs 3.3V power input, Vin pin
in the shield accepts the input power and regulates it to 3.3V, so no need for external
regulating circuit. But such circuit will be needed when connecting the PIC18F4550
USART Tx (pin25) with WiFly UART Rx (pin12) due to input voltages difference
(5V from PIC18F4550, and 3.3V for WiFly). A suggested solution is to use a 10K
resistor (a resistor divider) in series with 20k resistor to ground. Figure 5.5 shows the
WiFly shield.

69



130

A S¥L0
D .EAoua;uiJ

LLPSWTO0TN 'A1 D04
XSOIEINY ALt
S10a39N] Suroy

L2 % 9vz0-2bahze®

0000000000000 O
0000000000000

Q
Q
Q
o
®)
)
o
o
o
o
o
o
o
o
o
o
Q
o

©00000000000000000
000000000000000000
00000000000000000 ~/0

Q0
00
00
00
00
Q0
Q0
Q0
Q0
00
00
00
00
(o]
Q0
Q0
0
(e]e)

@l
Osno
Osno p107 L0
Ovin P10 |+ 5w

Figure 5.5: WiFly Shield

This module will connect automatically to any available access point after be
powered on. However, before this desired functioning, it must be configured to
operate properly. By powering the module on at an ad-hoc mode, it can be configured
to operate in the desired manner. To run the module in the ad-hoc mode pin PIO9
must be connected to 3.3V. Figure 5.6 shows the schematic of ad-hoc mode. The
complete configuration process for the WiFly module will be illustrated later in this

chapter. After finishing WiFly configuration ad-hoc mode circuit is no longer needed.
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Y18 iFly X
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Figure 5.6: WiFly ad-hoc mode circuit
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After a true configuration process is done correctly through the ad-hoc mode,
PIO9 must be disconnected (non-ad-hoc mode), Rx in the WiFly shield must be
connected with Tx (pin25) of PIC18F4550 through the 10K resistor divider. The next
section will illustrate the whole-circuit schematic.

5.2.4 Whole-circuit schematic

Here there are three basic elements can be noticed in the whole-circuit

schematic, they are:

1- 18F45550 PIC microcontroller.
2- WIiFly GSX transceiver.
3- GP2Y0A21YK IR proximity sensor.

Of course the other circuit elements are necessary too but the purposed
meaning from "basic" is that those elements represent the core function of this system
circuit. Whereas the other elements like Vcc, GND and regulator are basic from

electrical operating point of view.

Figure 5.7 shows the whole-circuit schematic. The two GP2Y0A21YK sensors
are connected to two analog channels in the PIC (RAO & RA1), and so the analog
data gained by the sensors can be transmitted to congestion analyzer to be used in the
final gained results. The serial data from PIC USART are transmitted to UART in
WiFly. The last mentioned is gained by connecting Tx (pin25) from the PIC to Rx in
WiFly shield. PIC and GP2Y0A21YK are supplied with 5V Vcc power, whereas
WiFly is supplied by 3.3V power obtained from LM317 regulator circuit. The 10K
and 20K resistors are used as a voltage divider for the transmitted data from the PIC
powered with 5V to WiFly module powered with 3.3V as a voltage balancer.
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Figure 5.7: Whole-circuit schematic
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5.3 Software implementation

In this section it is software turn to be implemented. Software implementation
process involves several software-based parts this system deals with and needs, in a
complementary relationship (the eternal traditional software-hardware relationship).

Software implementation consists of:

1
2

3- Web server.

Traffic congestion analyzer.
WiFly GSX transceiver.

4- Security issues.

5.3.1 Traffic Congestion Analyzer

It is the main program in this system which can be considered the system core.
All calculations and analysis operations will be held here. The HLL (High Level
Language) which is used is C (C18 of C family), and Microchip MPLAB IDE v8.56

(Integrated Development Environment) platform is used for developing.

An assembly language with PIC assembler can be used (it is provided with
MPLAB IDE v8.56), but C as HLL is more preferable due to several reasons such as
more readable, more semantic, ease of use and shorter embedded programs. However

HLLs are slower and more consuming for time and processing.

In programming any applicable PIC program in MPLAB IDE v8.56 by C
language, it is a very important step to initialize and configure the target
programmable PIC. Initializing ports (A, B, C ...) to be used either input or output

ports, if input, then digital or analog. Important configuration statements as:
#pragma config FOSC = INTOSC_HS //specify internal/external oscillator type
#pragma config LVP = OFF /Iturn low-voltage programming off
#pragma config WDT = OFF /Iturn the watchdog timer off

In this analyzer program many modules are needed to achieve the objective of
it. Timers (0, 1), ADC (Analog to Digital Converter) and USART modules should be

configured.
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53.1.1 Timers

The library "timers.h" must be included first in order to deal with and use its
timers functions in any C program. After including the "timers.h" library now we can
open, write and read from PIC18F4550 timers. The function OpenTimerX() is used to
configure the timers to be used in the program, for example:

OpenTimer0( TIMER_INT_ON & TO_16BIT& TO_SOURCE_INT & TO_PS_1_1);

This configures Timer0 to work as a timer in 16-bit mode with interrupt enable with
1:1 prescalar.

After opening a TimerX module there are two important functions can be used
in the program to deal efficiently with the timer. They are:

WriteTimerX(value); /to induce the timer to start from a certain value
ReadTimerX(); /to read TimerX value at any event

In the analyzer program TimerO and Timerl are needed to calculate the time
periods for vehicles in order to calculate their speed values. Once the function
WriteTimerX() was initiated it start counting from the specified value. When it
overflows its limit (FFFF in 16-bit mode) an interrupt flag (TMROIF for TimerO0) is
set (interrupt must be enabled before), then the timer will recount again until next

overflow.

To calculate the time period from initializing the timer to a certain event, it is
very important to count the number of interrupts that have occurred until the event

occurred, and so the time period T can obtained by the following equation:
T = (TimerX_current + FFFF * Count) * Tick_period (5.1)
Where,
T: time period between two events.
TimerX_current: TimerX current number, obtained by ReadTimerX() function.

Count: number of TimerX overflows times before the event has occurred, each time

an interrupt occurs a counter is incremented.

74



Tick_period: time period of one TimerX tick, this equal 4/Fosc where Fosc is the PIC

oscillator frequency (internal or external).
5.3.1.2  Analog to Digital Converter (ADC)

PIC18F4550 has thirteen analog channels and one analog to digital (ADC)
module, so only one conversion can occur at a time. The module has 10-bit resolution
(conversion power), so an analog input can be divided into 2'° = 1024 progressive
digital values (0 to 2'°-1). But the number of the values may decrease if the maximum

value of the analog signal voltage is less than the input voltage (voltage reference).

The precision (dVin) of the module can be calculated as follows:

__ Vref+—Vref —
o 1023 (>-2)

dVin
Where,
dVin: the precision.
Vref+: high voltage input power.

Vref-: low voltage input power.

The input power voltage is 0V (low), 5V (high), so the precision of PIC18F4550 ADC
module is: dVin = (5-0)/1023 =~ 5mV. Since the maximum output analog signal of
GP2Y0A21YK doesn't exceed 3.3V so the maximum digital value that can be read
from the module is: 3.3/0.005 = 660.

The library that used must be included in order to deal with ADC functions is
<adc.h>. There are a number of functions that deal with ADC module. Table 5.1
illustrates some of them.

Table 5.1: ADC functions description

ADC function Description
OpenADC(arguments) Configure ADC
SetChanADC(channel) Select ADC channel to be used

ConvertADC() Start conversion

BusyADC() Return one if a conversion is running
ReadADC() Read the results of ADC conversion
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5.3.1.3 USART

USART is referred to Universal Synchronous Asynchronous Receiver
Transmitter. SPBRG is a control register used to generate a specific baud rate. BRGH
bit value (0 or 1) in TXSTA control register is specified with regard to error ratio that

may result from calculating SPBRG value by one of the two following equations:

SPBRG = —2%¢ __ _ 1 | BRGH = 1 (5.3)

16*Baud rate

Fosc

SPBRG=—7—F7—-1 , BRGH =0 (5.4)

64xBaud rate

In this system 8MHz internal oscillator with 9600 baud rate are said to be used. By
the previous details the SPBRG value can be calculated as follows:

For BRGH =1 - SPBRG = 8000000/(16*9600) — 1 = 52.083.
For BRGH =0 - SPBRG = 8000000/(64*9600) — 1 = 12.021.
So, the best choice with least error ratio is when BRGH =0 - SPBRG =12.

The library that contains USART functions is <usart.h>. Several functions are
included in this library to deal with the USART module, such in table 5.2.

Table 5.2: USART functions description

USART function Description
OpenUSART (arguments) Configure the USART.
BusyUSART() Return one if a USART is transmitting.
putcUSART (char) Write a byte to the USART.
CloseUSART() Disable the USART.

It must be noticed that when it is needed to send a string of characters by
USART module using putcUSART (char) function for loop and an array of characters
are required. And if a number is said to be transmitted by USART it must be
converted first to character or string form. In this system it is not needed to receive
serial data from anywhere, so USART receiving functions and registers are not

required.
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5.3.1.4

Main Program

The main C program which combines all previous mentioned modules (timers,

ADC and USART) is used to perform the basic system calculations. The calculations

involve:

are:

Time period calculations.
Speed calculations.
Acceleration calculations.
Clearance calculations.

Average values calculations (speed and clearance average).

The program can be divided into several subprogram parts, the subprograms

Vehicle_detector(): use ADC module to check any existence of a passing
vehicle. Initializing Timer0 and Timerl to get time periods for speed and

clearance calculations, is held here too.

S_C_calculator(): make speed and clearance calculations for the successive

passing vehicles and find the average values of speed and clearance.

Decision_maker(): calculate the normalized value N in order to make the

traffic congestion decision.

Data_transmitter(): responsible of transmitting the resultant values by using of
serial USART module to WiFly UART module.

The complete lines and details of the code will be appended in appendix B.
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5.3.2 WIiFly Configuration

After running the WiFly module in an ad-hoc mode, and ensuring that the chip
is connected correctly, and is invisible as an ad-hoc network. The host that will be
used to configure the module must associate with that ad-hoc network. It must be
noted that the host IP and subnet mask is in the same range of the module
(169.254. XXX. XXX). Now we can use Telnet service in TCP/IP protocol by Tera-
Term program to configure WiFly module through TCP port# 2000. The address of
WiFly module is 169.254.1.1 (factory setting). Figure 5.8 illustrate Tera-Term starting

configuration window.
Tera Term: New connection I,&J

@ TCPAP Host: 169.254.1.1 -
/| History
Service: @ Telnet TCP port#: 2000

S55H SS8H version: 535H?

Oth ————
er Protocol: |UNSF‘EC -

Serial

[ Ok l | Cancel | | Help |

Figure 5.8: Tera-term configuration window

When ok button is pressed a window appears to explain state of connection
between WiFly and ad-hoc mode contains **Hello** word for correctly connection to
start programming of this chip, we can write $$$ after **Hello** to rising
**Hello**CMD, this expression tell WiFly is ready for beginning programming,

Figure 5.9 illustrate this situation.
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File Edit Setup Control Window Help

Figure 5.9: A message "HELLO" from WiFly

The command (set wlan chan) here used to detect how many channels from
the 13 channels that exist in the WiFly to applied it. If the above command is
followed by “0”, that means the scan well done among all of the 13 channels returning
the SSID in the range, here we use the command (set wlan chan 0) to performed the
scan across the 13 channel.

The (set wlan join) is for determining the policy that association with the
access point of the network, followed the above command by “0” is use if the user
want to join with network in manually manner, this inhibits the automatically join
with the network, following the command by “1” is used if the user want to join with
the network with stored SSID. An important characteristic for this transceiver is the
scans is done automatically and connect with network which has a strong signal, this
feature is done by typing “2” after the command, here we use (set wlan join 2), which
make the transceiver more powerful witch in its turn connect with the strongest access
point.

Every WiFly module must have in IP address to be a part of any network,
command (set ip address is used to assign this IP manually and followed by the ip you
want, or it can be done by activating the DHCP client, the IP will be granted to the
transceiver automatically from the network during association, the command (set ip
dhcp) is used to configure the DHCP client, following this command by “0” the
DHCP turned off, and the stored static IP is used by the transceiver, and following the
command with “1” means the DHCP client is on and the transceiver will be given an
IP address and use the access point gateway address, here we use (set ip dhcp 1)

command, because this command is important for the transceiver to use an IP address
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within the range of the network. Figure 5.10 shows programming auto-association

commands.
% - T - >
(. 169.254.1.1 - Tera Term VT s ol o S
File Edit Setup Control Window Help
»*HELLO»*CMD -
et wlan chan @
RR: ?-Cmd

2.21> set wlan chan 8
OK

%R21> set wlan Jjoin 2
pK2.21> set ip dhep 1
OK

2.21> save
toring in config
2.21> 1

ﬁr:‘n

Figure 5.10: Programming Auto-association Commands

The sleep mode is not implemented in this project, we must disables the auto
sleep configuration, command (set sys autosleep 0) is used for this purpose, the
command (set sys sleep 0) is used to make the sleep timer zero , and the transceiver
will always in the active mode. The (set sys autoconn ) command in TCP mode is
used to determine the value of auto connect timer, the command is followed by a
value to determines how the transceiver should able to connect to the stored remote
host, the transceiver is only connect once upon powering up if the value is “1”, if the
value “2” which is used here, or more, if the connection is closed the command of
auto connect will make the transceiver open the connection after a few seconds
defined.

The command (set ip host WEB_SERVER_IP) is used to configure the web
server IP address, and the command (set ip remote 3000) is used to configure the port

number of the connection.

WiFly have an option that if the transceiver was idle for a specific period of
time, the disconnection is happened for the currently connection, the (set comm idle)
command, is used to set the idle disconnect timer, the idle disconnect will be disable
if the command is followed by “0”, as the case here. The default case of the
transceiver is to receiving the value of the flush size before forwarding, this flush size
can be defined as the number of bytes that should be received on the USART of the
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transceiver before forwarding to the TCP connection, the command (set comm size)
determine this value, 64bytes is the default of this command, and the maximum is
1420 bytes, we following this command by “0” or “1” in this system, this case make

the transceiver begin forwarding immediately without needing of the flush size.

For successfully serial communication between the UART of the transceiver
and the USART of the PIC microcontroller, the baud rate must be the same, the
command (set uart baud) is used to sets the transceiver baud rate and the command
followed by the value of the baud rate that is the same in the transceiver and the PIC
microcontroller which is 9600 bit per second in this system. Figure 5.11 shows the

previous configuration lines.

The (save) command is essentially for each command to be successfully
accepted by the transceiver, this command must used after any new command, AOK
command indicate that the commands was successfully handled by the transceiver, if
an syntax error has been accrued of any command the transceiver write (ERR:?-Cmd),
and (ERR:Bad Args) in situation where an error in the parameters.

[ 160.254.1.1 - Tera Term VT = | B S
|Ei|e Edit Setup Control Window Help

2.21> set wlan chan @ -
RR: ?—Cmd

%R21> set wlan chan B
2.21> set wlan join 2
2.21> set ip dhep 1
0K

2.21> save
toring in config
2.21> set sys autosleep B

0K
2.21> set sys zleep A
0K

2.21> save
toring in config
%R21> set sys autoconn 2
2.21> set ip host 18.8
0K
2.21> set ip host 18.8.68.18
0K
2.21> get ip remote 38600
0K
2.21> save
Btoring in config
2.21> zet comm idle B

0K
2.21> set comm size @
0K

2.21> save
Btoring in confiyg
2.21% set wart baud 9600
AOK
2.21> save
Btoring in config
2.21> A
h - )

Figure 5.11: Programming Transferring of Data commands

81



5.3.3 Web Server

A web server is needed to receive information from PIC microcontroller
posting wirelessly by WiFly GSX transceiver which forwards this information for
specific IP of a web server as a target host to publish it. A website was programmed
by PHP language and installed in the web server. It was consisted of five pages which
was designed and implemented in Dreamweaver version CS4. These pages are main

page, street A page, street B page, update page, and RSS feed.

To publish the data of the website pages a server is required. The information
of traffic congestion levels are gained from a database table which updated
automatically. The data forwarded by WiFly GSX transceiver to the web server are
picked up by a VI (Virtual Instrument) LabVIEW 7.1 program. A local test server is
used instead of hiring a web domain name from a global server on the internet and the
same work features can be obtained by this test server. XAMPP test server is a good

testing choice.
5331 LabVIEW 7.1

LabVIEW 7.1 is a graphical programming language that uses icons instead of
lines of text to create programs. LabVIEW refers to Laboratory Virtual Instrument
Engineering Workbench. The icons used in programming are called VI's (Virtual

Instruments).

The task assigned to this software is to make a TCP/IP connection with the
WiFly GSX transceiver at the first step. Second, the information about traffic
congestion forwarded by the transceiver in an ASCII characters representation are
picked, processed and stored in disjoint files. The files are read by the update page
(update.php) in the website and automatically update the information of the database

table which feeds the street pages (streeta.php or streetb.php).

LabVIEW 7.1 has some important functions that deal with TCP protocol,
TCP Listen.vi = keep listening for a specific port until a TCP connection is held.
TCP Read.vi - read data coming from a TCP connection.

The complete VI details will be appended in appendix B
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5332 XAMPP

XAMPP program contains several directories, one is called htdocs; the
website must be saved in C:\XAMPP\htdocs directory, and so it can be run. Two
operations in XAMPP (as in Figure 5.12) should be activated from control panel
application of XAMPP; consists of Apache to make local computer as server, and

MySql to run phpmyadmin which contains the database, as in Figure 5.13.

XAMPP Control Panel Application P ™ 5™
PP
XAMPP Control Panel
(#pache Friends Edition)
Modules Fort-Check
[ swe Apache Start Admin
[F]5ve MySql Start Admin SCM

[T] swe FileZilla Start Admin Refresh

= Mercury Start Admin Help

Swe Tomcat Start Admin Exit

¥AMPP Control Panel Version 2.5.8 (200%-07-28)
ABMPP for Windows Version 1.7.2

Windows ©.0 Build €001 Platform 2 Service Pack 1
Current Directory: D:\xampp

Status Check CE

»

4

Figure 5.12: XAMPP control panel application

f 3
E XAMPP Control Panel Application lilglg
HAMPP C!:mtru-l F’E!r!el Shell
(Apache Friends Edition)

Modules Port-Check
[ sve Apache  Running [ Stop ] [ Admin ] [ Explore ]
v vSq unning | op min M

|:| 5 MySgl R [ st { Ad SCM

Flsve  Fiezill Adrmin

Clsve  Meraury Adrmin
Svc Tomcat Start Admin Exit

AMMPP for Windows Versiom 1.7.2

Windows ©.0 Build &001 Platform 2 Service Pack 1
Current Directory: D:\xampp

Status Check CK

Busy. ..

Bpzche started

Busy.___

MySQL started

»

m

1|

4 | 1 | 3

Figure 5.13: Running Apatche and MySql in XAMPP
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5.3.3.3  Main Web Page

The main page consists of five parts called DIV’s in Dreamweaver they are:

Header, Left side, Center, Right side, and footer.

Header part contains picture shows name of project and logo of Palestine
polytechnic university, left side part contains several buttons to street A page and
street B page can be pressed one click by mouse to move to a page name street, in
center side a representation of traffic congestion on a sample two sides street sketch,
right side part contains button of RSS feed to move to RSS feed information page,
finally footer part contains time, date, and names of project team. Figure 5.14 shows

main page.

) Project - S b Yajen e
Bole cipd Yehoo! cldal 3ol wée e e
Q || & | http php?Main. 40 N7 -| & C < @

Traffic congestion avo... & kel 51 5 & @9 5,05 89 2

S Iraffic'CongestionfAvoidance
andiDiminutioniSystem

Traffic Congestion Situation

‘We can known state of street by click on the button for one of the two streets
from left side. this state consists information about of average speed of

r vehicles, distance from vehicles, and decision about of traffic congestion and
\ SLHeCT A level of it when exist.
C

—_—

‘ Strect B B

Mainfpage

0 Ccilicam M usab ShawardEMonannad Misk=
0102011

Figure 5.14: Main page web server

5334  “Street A” Web Page

Page of street A uses the same template of main page. Street A page shows the
state of street A traffic congestion, the center part display information and animated

illustration about the current state of congestion. Figure 5.15 shows street A page.
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1) State of Street A - ,uSgi 46 Yo jgn

Gl Sipdl Yahoo! Sldal Bk oéxe e e
Q ahoo |~ ¥| | @ | hitp: i hp?Street= Ax=TA&S y=29 87 - 2 c -

Traffic congestion avo... & kel 81 5 & B8 5,05 3 2

/E BN Traffic'CongestionfAvoidance e
-
andiDiminution'System :

l StreetiA

—
! Street: B

State of street A Traffic congestion

peed of street A is 10 km/ and high
clearance average is 5 m COngestlon

Figure 5.15: Street A Web Page

We connected the page street A with database named "project” contains table
named "streets" which receives data from update page. The page contains query to
show information about state of street A arriving from project database, we create
new page for connection with database named project.php contains the following
code:
<?php
# FileName="Connection php mysqgl.htm"

# Type="MYSQL"

# HTTP="true"
S$hostname project

"localhost";

$database project = "project";
Susername project = "root";
$password project = "123456";

Sproject = mysql_pconnect($hostname_project, $username_project,
$password project) or trigger error (mysql error(),E USER ERROR);
2>

The following PHP code shows receiving speed average, clearance average,
and decision from the database to be written in street A page:

$query project = "SELECT name, speed average , “clearance average ,
decision FROM streets WHERE name='A'";
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5.3.35 “Street B” Web Page

Street B page also takes the same template of main page. Street B page shows
traffic congestion state of street B. The center part display information and animated

illustration about state of congestion. Figure 5.16 shows street B page.

) State of Street B - Sy b Yajon =ax
Golug il Yahoo! cldal AW e s i
Q choo ~ X0 | @ hitp hp?S B=52&StreetB.y=40 8- o e~

Traffic congestion avo... & ksl 51 5 & @9 5,05 589 2

ilrafficCongestionfAvoidance
andiDiminution System

\ StreetiA

—_—
‘ Street:B

State of street B Traffic congestion

Speed of street B is 50 km/h and low
clearance average is 20 m COngestion

e = S L0 cctcam hitsab ShawargeMonanad Misk
@ HULIE,
k&‘a? 010-2011

Figure 5.16 Street B page

The following PHP code shows receiving speed average, clearance average,
and decision from the database and are written in street B page after connection with

the database by project.php page according to the following query:

$query project = "SELECT name, speed average', ‘clearance average ,
decision FROM streets WHERE name='B'";

5.3.3.6  Update Web Page

This page received data from PIC microcontroller USART, passed to WiFly
UART, forwarded wirelessly to server, VI in the server picks, processes and stores
data in disjoint files, finally update page read the updated data from these files. It
contains four fields for receiving data. The fields are name, speed average, clearance

average, and decision. Figure 5.17 shows update page.
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) Update page - ,uSs b Yajga

Bolg ipdl Yehoo! Sl duW ek s e
Q shoo ~¥#| | @ | hitp://localhost/Project2/update.php? w7 - | 0 e

Traffic congestion avo... & badl sl o &l @ 5,05 88 2

-
@

Figure 5.17: Update Web Page

After reading data from files to the fields. Data can be posted to the database
by update query consisted of all information about traffic congestion of a specific

road (A or B). Once the page is opened, it continuously makes read-post operations.

The following PHP code illustrates the read-post operation:

<?php

Sname = "name.txt";

Sspeed = "speed.txt";
Sclearance = "clearance.txt";
Sdecision = "decision.txt";

$fl = fopen
$f2 fopen
Sf3 fopen
$f4 = fopen

Sname, "r");
$speed, "r");
Sclearance, "r");
$decision, "r");

—~ e~~~

$linel = fgets($f1l, 10) ;

(
$line2 = fgets($f2, 100) ;
$1line3 = fgets($£f3, 100) ;
$lined4 = fgets($f4, 100) ;
if($linel == 'A') Srow Recordset3['id']=1l;
else if ($linel == 'B') S$row Recordset3['id']=2;
$row Recordset3['name'] = $linel;
$row Recordset3['speed average'] = Sline2;
$row _Recordset3['clearance average'] = $line3;
Srow Recordset3['decision'] = S$line4;

?>
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The code that used to automatically post the data filled in the fields without
submit button is a JavaScript code. Due to this code the page is reloaded continuously
and posting the read data from the fields to the database. The code is put in body html
tag:

<body onload="javascript:document.forml.submit ()"></body>

5.3.3.7 RSS Feed

In order to publish the information about traffic congestion in Street A and B
for others, RSS feed can be used for automatic information publishing for each
subscriber. RSS feed programmed by XML language, a test XML page is

implemented as in Figure 5.18 as a testing RSS feed.

¥ Traffic congestion avoidance and diminution system - uaSsh st Yje8

olus wimdl Yahoo! sl ol pes s e
Q ahoo |~ %8| | || | http://localhost/Projectd/rss.xml 3 | iy C @

Traffic congestion avo.. & Ll sl o e B EL N 2

- Sl el ] | il dnditl b b 9,280 T
&

Slagltly 2,230 el Sl oy sl

ol 258l

Traffic congestion avoidance and diminution system

We can knovin state of street by dlick on the button for one of the twa streets from left side, this state consists information about of average speed of vehicles, distance from
ehicles, and decision about of traffic congestion and level of it when exist

State Of Street A
Provide information about status of street A
State Of Street B

Provide information about status of street B

Figure 5.18: Testing RSS feed

After testing RSS in XML language we designed and programmed RSS page
in PHP by XML to take information from database, we create rss.php and connect it

with project database to update information automatically. Figure 5.19 shows rss.php.
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& Traffic congestion avoidance and diminution system - ja$s3 u6 Y jse

fasles wipsdl Yahoo! cldal fowl ez e e
Q ohoo |~ %] | [ | hitp:#/localhost/Project2/rss.php ool Y G

Traffic congestion ave... & LLad sl 5 &lad B 6515 58 2

- Aol cldall B | bttt Gadlll sd o3 o220 .i

Slasltly 1,230 Gl Sledial s sl [

Traffic congestion avoidance and diminution system

We can known state of street for one of the streets, this state consists information about of average speed of vehicles, distance from vehicles, and decision about of traffic
congestion and level of it when exist:

Street A
speed average of street --- A --- is 10 and Clearance average is 5 and Decision about of traffic congestion of this street is high ~ Date is *** 2011-04-30 18:20:43
StreetB

speed average of street --- B --- is 50 and Clearance average is 20 and Dedision about of traffic congestion of this street is low **** Date is ***** 2011-05-03 22:16:38

Figure 5.19: RSS PHP page

The code of RSS feed in PHP with XML language in Dreamweaver software

contains several tags, the following code represents it.

<?php

Scount = count ($id) ;

echo '<?xml version="1.0"?>

<rss version="2.0">

<channel>

<title>Traffic congestion avoidance and diminution system</title>
<link>http://localhost/Project2/index.php</link>

<description>We can known state of street for one of the streets,
this state consists information about of average speed of vehicles,
distance from vehicles, and decision about of traffic congestion and
level of it when exist:</description>

<image>

<title>Traffic Congestion</title>

<url>rssss.png</url>
<link>http://localhost/Project2/index.php</link>

</image>"';

for ( $1 = 0; $i <= Scount-1; $i += 1) {

echo '<item>
<title>' . ' Street ' . S$name[$i] . '</title>
<link>'.' http://localhost/Project2/street'.Sname[S$i]."'.php
'.'</1link>
<description>' . ' Speed average of street --- ' . S$name[$i]. ' ---
is '. S$speed average[$i] . ' and Clearance average is '
$clearance average[$i] . ' and Decision about of traffic congestion
of this street is ' . S$decision[$i] . ' ***** Date ig *****x !
Sdate[$i] . '</description>
</item>"';
}
echo'</channel>
</rss>';

?>
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5.3.4 Security Issues

5341  XAMPP Security

In this section security of XAMMP will be taken in consideration, first a
password must be set for "phpmyadmin” database that related to the XAMMP server.
That can be obtained by opening the address "localhost/security” with the browser.

Figure 5.20 shows the previous page.

%) XAMPP 1.7.2 - Mozilta Firefox

Fe Edi Vew FHgoy Bookmaks Ioos Hep
|Exawr 172 + -
7 -le) (|-

[SES

\",L\ | [ ritp/ocahost/securty

ﬂ_chugle | o
[] XAMPP for Windows

L}
XAMPP o i
[PHP: 5.3.0] XAMPP SECURITY [Security Check 1.1]
‘Security This page gives you a quick overview of the security status of your XAMPP installation. (Please continue reading after the
table.)
Languages
English
o These XAMPP pages are accessible through th
Every XAMPP demo page you are looking at right now is ible by everjone over the network. Everyone who knovs
Francais your P addrass can es.
Nederlands L
Polski The MySQL admin user root has NO password i
Slovene Every local user on this Windovs machine can access your MySQL database with administrator rights. You should set &
Ttaliano pezzuord
e PhpMyAdmin is freely accessible by network
Espafiol PhptyAdmin is accessible by netverk without 2 passwerd. Tha configuration httpd o 'coskia’ in the "canfig.inc.php’ can
HIX help
Portugués
Portugués (Brasil) A FTP server is not running o is blocked by a firewall!
AR A POP3 server like Mercury Mail is not running or is blocked by a firewall
The Tomcat add-on is not installalied. L
The green marked points are secure; the red marked points are definitively unsecure and the yellow marked points couldn't
be checked (for example because the sofware to check isn't running).
To fix the problems for mysal, phpmyadmin and the xampp directory simply use
=> http://localh ity/ ity.php <= [allowed only for localhost]
Some other important notes
« All these test are made available ONLY to the host localhost” (127.0.0.1).
« For FileZilla FTP und Mercury Mail, you must fix all security problems by yourself Sorry. g
i e e EcieE e

Figure 5.20: "localhost/security” page

After that choose "Security” on the page and set the password for the

SuperUser "root" (administrator). Figure 5.21 shows that.

?) XAMPP 1.7.2 - Mozilla Firefox
Fie Edt Vew Hgoy Bookmaks Tools Hep

[@EE

|Examer 172 + '
(&) [ moscabosssscnty EHOIE I
R [E= |2
A
XAMPP =]
tPHP: 5.3.01
“Secunity Security console MySQL & XAMPP directory protection
Languzge- MYSQL SECTION: "ROOT" PASSWORD
English
Deutsch MySQL SuperUser: root
Francais
Nederlands New password: [sesnes |
Polski
o Repeatthe new password: | sssses |
Italiano =
Norsk phpMyAdmin authentication:  http (3 cookie O
Espaiol F|
e Set arandom passwordforthe |\
. phpMyadmin user ‘pma
Portugués (Brasi) (N
EES O
o (File: C:\xampp\security\mysarootpasswd.txt)
" APACHE
ek Password changing
XAMPP DIRECTORY PROTECTION (.htaccess)
User: [ |
password [ |
O v

Figure 5.21: Setting a new SuperUser password
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Note that https protocol can be used in XAMPP server to get more security.

XAMPP also provides certificates for sites with asymmetric (public/private)
keys capabilities when using https protocol. is an important issue, making this
certification of XAMPP is illustrated in the figure 5.7 , by clicking on the blue
rectangle in the title bar a message is appear, this message shows the how the
connection with localhost page and another security information by clicking on the
button "more information ™ at the bottom of the message. The figures 5.22 to 5.25

show that.

2) XAMPP 1.7.2 - Mozilla Firefox

Fe Edt Vew Hgoy Bookmaks Iook Help
‘Exmwwz | + ‘

(€ )2 [EIEEED tios/ Mocahost/sscuty/ MG Pl

> | 2
You are connected to
localhost
which is run by s
iy W
You have added 2 securty exception forthis ste. &
Your connection o this web ste is enciypted to prevert k1.1]
eavesdropping.
urity status of your XAMPP installation. (Please continue reading after the
e These XAMPP pages are accessible through the network by anyone
Deutsch
looking at right now is accessible by everyone over the network. Everyone who knows
Francais
Nederlands
Polski
Slovene ur MySQL database uith administrator rights. You should set a
Italiano
Norsk PhpMyAdmin is freely accessible by network
PhpMyAdmin is accessible by network without a password. The configuration 'httpd' or 'cookie’ in the "config.inc.php” can
help.
A FTP server is not running or is blocked by a firewall!
A POP3 server like Mercury Mail is not running or is blocked by a firewall
The Tomcat add-on is not installalled. L
The green marked points are secure; the red marked points are definitively unsecure and the yellow marked points couldn't
be checked (for example because the sofware to check isn't running).
To fix the problems for mysql, phpmyadmin and the xampp directory simply use
=5 http://1 /security/ itv.php <= [allowed only for localhost]
Seme other important notes:
« All these test are made available ONLY to the host "localhost” (127.0.0.1).
 For FileZilla FTP und Mercury Mail, you must fix all security problems by yourself! Sorry. e
i et s blackad by 2 Grawal oo ECLBE i oucida atak;

Figure 5.22: XAMPP https page

3] Page Info [Mocalhost/securityf

o E i3 |8

General Media Permissions |~ Security

Web Site Idertity
Website:  localhost
Owmer. This web site does not supply ownership information.

Vedfied by:  localhost

View Certfficate

Privacy & History
Have | visited this web site prior to today? No
Is this web site storing information (cookies) an my

Have | saved any passwords for this web site? No T

Technical Details
Connection Encrypted: High-grade Encryption (AES-256, 256 bit keys)
The page you are viewing was encrypted before being transmitted over the Intemet.

Encryption makes i very difficult for unauthorized people to view information traveling between computers. It is
therefore very unlikely that anyone read this page as it traveled across the netwark.

Figure 5.23: XAMPP https page information
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Certificate Viewer"loc:

General | Details |

Could not verify this certificate because the issuer is not trusted.

Issued To

Common Name (CN) localhast

Organization (0} <Not Part Of Centificate

Organizational Unit {OU}  <Met Part Of Cerfficate

Serial Number 00:B3:32:F0:DC:69:65:8D:FA

lssued By

Commen Name (CN) localhost

Organization (0} localhost

Organizational Unit (DU} <Mot Part Of Cerdificate>

Validity

lssued On 21/041430

Expires On 09/08/1440

Fingerprints

SHAT Fingerprint E4:88:DD:08:16:E9:6D:BE01:4C:4C:9D:51:63:2C:93:F7-76:A4:86
MD5 Fingerprint CB:7E:4C:94:24:78:A7-00:63:75:83:81:3D:00:22:A8

Figure 5.24: Certificate Viewer

General | Details |

Certifi ;
localhost

Certifi Fields
= Validity
Not Befare
Not After
Subject
[=-Subject Public Key Info

Subject Public Key Algorithm
H ~Subject’s Public Key
Certfficate Signature Algorithm
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Modulus (1024 bits):

ed fa ad 98 £5 Be 74 1€ £0 Oa ab c€ Oa c8 40 00

4b €6 £9 78 08 06 2d d8 4= le 02 0d 7a £5 db 50

74 d2 ed 5d 91 24 77 deo 2c Sc 93 4€ 75 1f 20 d3

9f 07 24 Oe 5b ac 20 a8 o7 0d =4 ee 45 80 Oz db

75 42 58 12 19 9b &c 38 %9e 14 33 b2 cc B8f Oc eb L
e5 ba bEé ad ea 10 &5 d7 39 &6 £0 21 88 07 38 Ta
Oe c8 2a 65 ca £3 14 Oz Se 2c 42 30 cc B4 43 e5
€6 ba €0 4% b4 db b2 27 73 15 43 =23 d3 29 45 85

|>

<

>

£

Figure 5.25: Certificate's Public Key
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5.34.2 Windows Firewall

There is very important notification that must be mentioned here relates to a
security issue of windows firewall. The issue is caused by an activated firewall which

may prevent accessing some specific ports in windows.

For example, in this system case wireless data transmitted by WiFly GSX
transceiver to IP host address through a TCP connection established with this host,
these data passing through a specific port number (3000 in this system) may be

prevented from such passing due to firewall access rules.

To bypass this firewall security measure, a new specific inbound access rule
must be defined. The new rule will allow data passing through port 3000 without any

firewall blocking.

The steps of defining a new firewall inbound access rule are illustrated in the

following figures (in windows7).

Go to start - Control panel - Administrative tools - Windows Firewall
with Advanced Security. After that, select from "Inbound rules” - "New rule".

Figure 5.26 views the Windows Firewall with Advanced Security window.

@Lannvn ReadyComm Project Application
GM\croso& Management Console
QM\croso& Management Console
@M\croso& Office Groove
@M\:roso& Office Groove
@M\:roso& Office OneMote
@M\:rusm’t Office OneMote

@ Microsoft Office Outloak

@ mysqld

Gmysqld

@mysqld

Gmysqld

4 m P

i 3000
1 b

r 3
ﬂ ‘Windows Firewall with Advanced Security = | ||
File Action VWiew Help
+=» @ = BE
&3 Inbound Rules Name — - + || Inbound Rules -
&9 Outbound Rules
:L Connection Security Rules @Free Download Manager =|/| &3 MewRule..
, B Monitoring @Free Downlead Manager T Filter by Profile N
@1GRS Protocol Stack 7 Fiter b5 R
@IGRS Service Host Process fiter by State
(@ LsbVIEW 7.1 Development System T Filter by Group 4
@LabV’IEW?.l Development System Yiew »
@Lenuvu ReadyComm AppSvc Application & Refresh
@ Lenovo ReadyComm ConnSvc Application =
(@ Lenovo ReadyComm IGRS Application = Export List...
@Lannvn ReadyComm Main Program E Help

Figure 5.26: Windows Firewall with Advanced Security

From "New Inbound Rule Wizard", select Port rule in "Rule Type" step as in

figure 5.27 and click next.
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g New Inbound Rule Wizard @

Rule Type

Select the type of firewall rule to create,

Steps:

i " i 2
@ Rule Type What type of rule would you like to create

@ Protocol and Ports
@ Action ) Program

Rule that controls connections for a program.
@ Profile

@ Port
@ Name -
Rule that controls connections for & TCP or UDP port.
) Predefined-
Connect to a Network Projector
Rule that controls connections for a Windows experience.
Custom rule.

Learn more ahout rule types

Figure 5.27: Rule Type step

At "Protocol and Ports™ step specify the corresponding specific port (Port
3000) as in Figure 5.28, and then click next.

& New Inbound Rule Wizard [

Protocol and Ports

Specify the protocols and ports to which this rule applies.

Steps:

@ RuleType Does this rule apply to TCP or UDP?

@ Protocol and Ports @ ICP

@ Action © uop

@ Profile

@ Name Does this rule apply to all local perts or spedfic local ports?
) Al local ports
@ Specific local ports: 3000

Example: 80, 443, 5000-5010

Learn more about protocol and ports

[ < Back ][ [Next = ] [ Cancel

Figure 5.28: Protocol and Ports step

In "Action" step select "Allow the connection”, click next. Figure 5.29 shows
this step.
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r
g New Inbound Rule Wizard @

Action

Specify the action to be taken when a connection matches the conditions specified in the rule.

Steps:
) What action should be taken when a connection matches the specified conditions?
Rule Type

# Protocol and Ports _
@ Allow the connection

¥ Action This includes connections that are protected with IPsec as well as those are not.
» Profi -
ranis 1 Allow the connection if it is secure
# Mame This incudes only connections that have been authenticated by using IPsec. Connections
will be secured using the settings in IPsec properties and rules in the Connection Security
Rule node.
) Block the connection

Learn more about actions

[ <Back ][ mexi> [ cancel

Figure 5.29: Action step

In "Profile” step, leave the default check boxes and click next. Figure 5.30

shows "Profile" step.

@# New Inbound Rule Wizard @

Profile

Spedfy the profiles for which this rule applies.

Steps:

i i 7
s RuleType When does this rule apply?

# Protocol and Ports

# Action Domain
- Applies when a computer is connected to its corporate domain.
4 Profile
7 P
# Name [Eizi3

Applies when a computer is connected to a private network location.

Public
Applies when a computer is connected to a public netwark location.

Learn more about profiles

l < Back ] [ Next > ] [ Cancel

Figure 5.30: Profile step

In the final step "Name", specify a name for this new rule (e.g., port-3000) and

click finish. Figure 5.31 shows "Name" step.
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, :
2 e ecor e v N, ==

Name

Spedfy the name and description of this rule.

Steps:
@ Rule Type
Protocol and Ports

Action
Name:

port-3000

-
-
@ Profile
L

Name
Description (optional):

I [ <pack [ Ensh ][ concel

Figure 5.31: Name step

The new rule will be added to "Inbound Rules" list. Make sure that the rule is
enabled in order to attain its correct activation. See Figure 5.32.

— N
& Windows Firewall with Advanced mm“ ==
File Action View Help
E il
@@ Windows Firewall with Advanc{ B Actions
Inbound Rules Name T B . .
Outbound Rules
B4 Connection Security Rules (@ Lenovo ReadyComm Project Application U3 NewRule..
» %, Monitoring ® Microsoft Management Consale H T Fiter by Profile N
) Microsoft Management Console T Fiteroys ,
(@ Microsoft Office Groove iiter by State
(@ Microsoft Office Groove 7 Filter by Group 4
(@ Microsoft Office OneNote View N
(@ Microsoft Office OneNote Refiresh
(@ Microsoft Office Outlook <
@ mysqld |:= Export List...
® mysqld H Hep
@ mysqld
© mysqld port-3000 -
@server K cut
@ server o c
25 Coy
@ YMware Authd Sl Cory
(@ YMware Authd K Delete
gVMwareAuthd Properties
VMware Authd
Hel
@ vMware Authd @ He
(@ vMware Authd
(@ Windows Live Sync
Vahnn! Mearcannar 2
< I, (3Kl m r

Figure 5.32: "port-3000" rule
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5.4 Model implementation

The last part of system implementation description will describe the model
itself. How it was designed and what assumptions and considerations were taken

during design process.

There are many considerations that must be taken before putting the final
sketch of a system model, such as:

e The size, dimensions and path shape of the model should be suitable with the
purpose the system was designed for. And it must be proportional with the real
world values mentioned in the system design in chapter three.

e The materials the model was made from should provide an easy flow for
sample vehicles and doesn't affect the system hardware functionality.

e It should give greatest chance to evaluate system functionality and efficiency.

e The beautiful appearance should be taken in consideration.

The design of this model was done using wood material whereas it must be
painted in a manner that vehicles move through the sample road easily. Figure 5.33
illustrates the model diagram.

170 cm

\ 4

Figure 5.33: Model design and dimensions
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As Figure 5.33 shows, the circular path guarantees an easy movement of vehicles,
since it allows vehicles to move continuously without any obstacles that may stop

their flowing.

The dimensions of the model are: 170 cm for the length, 80 cm for the width; and
these dimensions allow a good flowing for sample vehicles and provide two distinct
paths, where each path (A and B) allows sufficient testing area (more than 20 cm).

The system module itself was said to be put in the center of the large circular path
between the two testing areas whereas the system face ( sensors side ) can be reversed
in its direction to face any of the two testing areas ( A or B ), and so the whole system

can be tested in more than one sample street.

The distance between the transmitter lenses was said to be 10 cm instead of 1 m in
the proposed approach (SIDM) in chapter three. This alternative distance (1 cm) was

chosen since it is proportional with model size and with sample vehicle size.

The sample vehicles are toys cars that move forward and backward with a remote

control driving (or playing) mechanism.

The cross area (C) was put for future model-based similar projects, which may be
needed for a cross-based analysis approaches. Figure 5.34 shows a real captured

picture for the system model

Figure 5.34: Model capture
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6.1 Preface.
6.2 Subsystems testing.

6.3 Whole system testing.
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6.1 Preface

Before the final connecting and welding of the complete system module, it must
be tested and verified from its functionality point of view. And before testing and
verifying system functionality, the electronic chips and subsystems modules of which

the whole system module consists must be tested too.

In this chapter the progressive testing operations for subsystems modules will be
done and observed carefully in order to avoid any unexpected loss of any of electronic
chips or devices. A loss (if happened) may cause in very long time period wasting and

of course additional non estimated cost.

Testing operations involve verifying that GP2Y0OA21YK IR proximity sensors,
18F4550 PIC microcontroller and WiFly GSX are all work properly and can do the

tasks assigned to them in an efficient and proper manner.
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6.2 Subsystems testing

6.2.1 PIC microcontroller testing

It is very important to ensure that the only one processing power is working in a
proper manner. The 18F4550 PIC microcontroller is a reprogrammable device, which
can be programmed and reprogrammed according to the final program requirements

and tasks.

To re/program the PIC, a programmer is needed. A PIC programmer usually uses
another embedded programmed PIC in order to take in its Responsibility to

re/program the PIC if any modification is made in the installed program on the PIC.

Projects lab in PPU provides a number of PIC programmer to be used by graduate
students for PIC programming purposes. This programmer is called "PICkit 2"
programmer. It has a USB cable that is connected with the computer. It must be
chosen as a preferable programmer device in MPLAB IDE v8.56, and so its palette
tools appears and can be used for programming and testing the 18F4550 PIC

microcontroller. Figure 6.1 shows the PICKit 2 programmer.

Figure 6.1: PICKit 2 programmer

18F4550 PIC microcontroller was programmed to handle the several PIC
modules (ADC, USART ...) and it worked properly.
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6.2.2 Sensors testing

The first hardware devices to be tested are the two GP2Y0A21YK IR proximity
sensors. By connecting the sensors with 18F4550 PIC microcontroller at pin0
(RAO/ANO) and pinl (RA1/AN1) on port A, that because these pins are connected
with ADC module, and so analog data received by any channel of the two analog
channels is passed directly to the ADC module in order to be converted into a digital

data form.

On the other hand, two pins from port B (RB2 and RB3) are connected with two
LEDs in order to observe the performance of sensors and whether the sensors respond

to objects that pass through their beams or not. Figure 6.1 shows the two sensors.

[ »

S N~ T _—
Figure 6.2: Two connected sensors

The LEDs that connected to port B (RB2 and RB3) will be turned on if any
detection of any passing object in front of them within a specific threshold digital

value. Otherwise will still off. Figure 6.2 shows this testing experiment.

BT ssass .= \'\, \4 = v T

Figure 6.3: Sensors testing
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6.2.3 WIiFly GSX testing

To encourage the WiFly GSX module to work in the desired manner and
forwards the received serial data from PIC USART to the specified host IP address
wireless data packets form, it must be configured properly. Tera Term Pro is the
program that was used to configure WiFly GSX. The configuration process was

illustrated earlier in this project (see 5.3.2 WiFly Configuration).

In order to start a configuration process for WiFly GSX module there are more
than one method. One of the methods (followed in this project work) is to connect the
WiFly module in ad-hoc mode at module power on, then a connection is made with
WiFly GSX ad-hoc network. Figure 6.4 shows the WiFly GSX working in the ad-hoc

mode and ready to be configured.

000000 0006060¢C

0000
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©

Figure 6.4: WiFly GSX ad-hoc mode

After configuring WiFly GSX it is no longer needed to work in ad-hoc mode
unless it is reset and need new configuration process. The WiFly desired configured
operating manner allow it to connect automatically to any available access point.
Once it made the association, PIO6 (orange LED) will turn off (blinking at power on),
while PIO4 will still blinking slowly to indicate that IP address of WiFly GSX is OK.
When P104 still ON continuously, this indicates that a TCP connection was made.
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Figure 6.5 shows WiFly GSX associating with an access point (PIO6 OFF), and get a
true IP address (P104 ON).

§
--
N
=
o

Figure 6.5: WiFly GSX associated with access point

6.3 Whole system testing

Now it is the time to make a comprehensive testing for the whole system
module in order to get valuable results which can give a real indication about system
efficiency and success rate in designing, implementing and finishing processes of the
system modules. Figure 6.6a, b shows the complete system testing circuit.
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Figure 6.6a: Whole system testing circuit

Figure 6.6b: Whole system testing circuit
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There are some points related to whole system testing and be mentioned:
When a car passed in front of the first sensor (connected to ANO) a LED
connected to RB3 became ON until the car leave its beams line.

The same is for the second sensor (connected to AN1).

A specific range (300 digital unit) of the two sensors is determined to restrict

the range between the sensor location and the road where the cars passed.

Sometimes problems may appear in forwarding data packets by WiFly GSX to
the web server. For example any loss of characters transmitted wirelessly may
cause wrong data posting in the files which are the source for website

database.

The same previous problem may occur while transmitting serial data from PIC
USART to WiFly GSX UART.

106



CONCLUSIONS &ND
FUTURE WORKS

7.1 Preface.
7.2 Conclusion.

7.3 Future work.
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7.1 Preface

It is the final stage in this work, gathering the resultant output from the previous
stages and obtaining a comprehensive output ideas and conclusions. The last represent
the extracted lessons that we have gained from this system thinking, designing and

implementing.

Another important issue that must be covered at the end of this system
introducing and presenting, it is the recommendations that may benefit other groups
of researchers in any future projects or researches that deal with the same field as well

as this project.
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7.2 Conclusion

7
A X4

Traffic Congestion Avoidance and Diminution System minimizes the problem

of traffic jam in an affective and well-communicative way.

There is no final solution for congestion problem around the world, but a lot of
ideas that deal with different aspects of the problem and try to find an optimal

solution that may handle the problem.

There is no international standard that classify and diagnose this problem, and

this may make the problem worse.

A main factor that assists bringing this project to success is the successful

combining between software and hardware.

A small programmable device like PIC microcontroller provides a good

suitable solution for control-based systems design.

Devices that provide Wi-Fi technology facilitate the communication process
between the developed system and servers or even personal computers, thus

they facilitate the communication between the hardware and the software.

The wide usage of internet provides a satisfying solution for audience

publishing related issues.
The system was tested under dry and cool environment (ideal conditions), a

testing operation in abnormal conditions (wet, snowy, dusty...) may cause a

failure in sensors signals, thus failure in the whole system functionality.

A real world installation surly will need a feasibility study and other criteria

related to the installation environment must be taken in consideration.
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7.3 Future work

X/
°

There are many enhancing and developing choices that can be made for this

system by those who want to continue researching in the same research field.

Another design options can be suggested and followed in congestion decision-
making process as an alternative to the approaches suggested in chapter three.

At a same context, other traffic flow parameters (neither speed nor clearance)

can be considered as the basis for decision-making calculation and process.

In hardware point of view, other techniques and technologies can be used
instead of those used in this system in order to attain more efficiency and

accuracy.

More sensitive sensors will lead to faster detecting for vehicles, thus sensors

output delay problems can be reduced or even avoided.

Another wireless technology can be used (not Wi-Fi), such as Bluetooth or

Zigbee, and this depending on system testing environment.

In software point of view, there are also other techniques can be used. This

involving programming languages and development environments.

It is possible to follow other (with/without internet-based) publishing
techniques, such as SMS.

The model design itself takes in consideration future work purposes as it was

mentioned in chapter five (area C in the model - see figure 5.20).

It must be mentioned that this system suffer from lacking in security issues
analysis and applications, so a system with good security analysis will be a

good enhancement.
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MicrocHIP PIC18F2455/2550/4455/4550

28/40/44-Pin, High-Performance, Enhanced Flash,
USB Microcontrollers with nanoWatt Technology

Universal Serial Bus Features:

= USB V2.0 Compliant

- Low Speed (1.5 Mb/s) and Full Speed (12 Mb/s)

= Supports Control, Interrupt, 1sochronous and Bulk
Transfers

= Supports up to 32 Endpoints {16 bidirectional)

= 1-Kbyte Dual Access RAM for USB

- On-Chip USB Transceiver with On-Chip Voltage
Regulator

- Interface for Off-Chip USB Transceiver

= Streaming Parallel Port (SPP) for USB streaming
transfers (40/44-pin devices only)

Power-Managed Modes:

= Run: CPU on, peripherals on

- Idle: CPU off, peripherals on

« Sleep: CPU off, peripherals off

= |dle mode currents down to 5.8 pA typical

= Sleep mode currents down to 0.1 pA typical
= Timer1 Oscillator: 1.1 pA typical, 32 kHz, 2V
= Watchdog Timer: 2.1 pA typical

= Two-Speed Oscillator Start-up

Flexible Oscillator Structure:
- Four Crystal modes, including High Precision PLL
for USB
- Two External Clock modes, up to 48 MHz
+ Internal Oscillator Block:
- 8 user-selectable frequencies, from 31 kHz
to 8 MHz
- User-tunable to compensate for frequency drift
= Secondary Oscillator using Timer1 @ 32 kHz
= Dual Oscillator options allow microcontroller and
LUSB module to run at different clock speeds
- Fail-Safe Clock Monitor:
- Allows for safe shutdown if any clock stops

Peripheral Highlights:

High-Current Sink/Source: 23 mA/25 mA
Three External Interrupts
Four Timer modules (Timer0 to Timer3)

- Up to 2 Capture/Compare/PWM (CCP) modules:

- Capture is 16-bit, max. resolution 5.2 ns (Tcv/16)
- Compare is 16-bit, max. resolution 83.3 ns (Tcv)
- PWM output: PWM resolution is 1 to 10-bit
Enhanced Capture/Compare/PWM (ECCP) module:
- Multiple cutput modes

- Selectable polarity

- Programmable dead time

- Auto-shutdown and auto-restart

Enhanced USART module:

- LIN bus support

Master Synchronous Serial Port (MSSP) module
supporting 3-wire SPI (all 4 modes) and 12C™
Master and Slave modes

10-bit, up to 13-channel Analog-to-Digital Converter
module (A/D) with Pragrammable Acquisition Time

- Dual Analog Comparators with Input Multiplexing

Special Microcontroller Features:

C Compiler Optimized Architecture with optional
Extended Instruction Set

100,000 Erase/Write Cycle Enhanced Flash
Program Memaory typical

1,000,000 Erase/Write Cycle Data EEPROM
Memory typical

- Flash/Data EEPROM Retention: = 40 years
- Self-Programmable under Software Control

Priority Levels for Interrupts
8 x 8 Single-Cycle Hardware Multiplier

- Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s
Programmable Code Protection
single-Supply 5V In-Circuit Serial
Programming™ (ICSP™) via two pins

- In-Circuit Debug (ICD) via two pins

Optional dedicated ICD/ICSP port (44-pin devices orly)
Wide Operating Voltage Range (2.0V to 5.5V)

Program Memory Data Memory MSSP E E
Device . Vo 10-Bit |CCP/ECCP Spp % B | Timers
Flash | # 5II'IQ|E-:NOTU SRAM |EEPROM| ¥ AD (ch)| (PWM) spl Master| 5 E. 8/16-Bit
(bytes)| Instructions | (bytes)| (bytes) [2c ™ ﬁ 3
PIC18F2455 | 24K 12288 2048 256 24 10 20 No Y Y 1 2 12
PIC18F2550 | 32K 16384 2048 256 24 10 20 No Y Y 1 2 113
FPIC18F44585 | 24K 12288 2048 256 35 13 1M Yes Y Y 1 2 12
FPIC18F4550 | 32K 16384 2048 256 il 13 1M Yes Y Y 1 2 13

@ 2007 Microchip Technology Inc.
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MCLR/VPP/RE3

RAO/AND

RA1/AN1
RA2/AN2/VREF-/CVREF
RA3/AN3/VREF+
RA4/TOCKI/C1QUT/RCV
RA5/AN4/SS/HLVDIN/C20UT
REOQO/AN5/CK1SPP
RE1/ANB/CK2SPP
RE2/AN7/OESPP

VDD

Vss

OSC1/CLKI
OSC2/CLKO/RAB
RCO/T10S0Q/T13CKI
Rc1/T10slI/ccP2uUcE
RC2/CCP1/P1A

Vuss

RDO/SPPO

RD1/SPP1

o
= 1
- 2
- 3
- 4
- 5
- B
- 7
-8
- 9
— [N
—[]12
—[]13
-—[] 14
-—[]15
-—»[]16
- []17
-[]18
- 19

PIC18F4455
PIC18F4550

40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21

] «— RB7/KBI3/PGD

[] <— RB6/KBI2/PGC

T «—» RB5/KBI1/PGM

] -— RB4/AN11/KBI0/CSSPP

| | «— RB3/AN9/CCP2M/ VPO

] <-— RB2/ANS/INT2/VMO

] -— RB1/AN10/INT1/SCK/SCL
| ] =— RBO/AN12/INTO/FLTO/SDI/SDA
| | -— VDD

| | «—Vss

] «<— RD7/SPP7/P1D

] «— RDB6/SPPB/P1C

] «<— RD5/SPP5/P1B

[T «—= RD4/SPP4

[ ] <— RC7/RX/DT/SDO

] «-—» RCB/TX/CK

] «— RC5/D+/VP

] «-— RC4/D-/VM

[] -——» RD3/SPP3

] -— RD2/SPP2

TABLE 1-3: PIC18F4455/4550 PINOUT I/O DESCRIPTIONS
) Pin Number Pin |Buffer -
Pin Name Description
PDIP | QFN | TQFP | TyPe | Type
MCLR/NPP/RES 1 18 18 Master Clear (input) or programming voltage (input).

MCLR | ST Master Clear (Reset) input. This pin is an active-low
Reset to the device.

VPP P Programming voltage input.

RE3 | ST Digital input.

OSC1/CLKI 13 32 30 Oscillator crystal or external clock input.

0sC1 I |Analog| Oscillator crystal input or external clock source input.

CLKI I [Analog| External clock source input. Always associated with
pin function OSC1. (See OSC2/CLKO pin.)

QOSC2/ICLKO/RAG 14 33 | Oscillator crystal or clock output.

0sCc2 (0] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.

CLKO 0 — In RC mode, OSC2 pin outputs CLKO which has 1/4
the frequency of OSC1 and denotes the instruction
cycle rate.

RAB /O | TTL General purpose /O pin.

Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Tngger input with CMOS levels | = Input
0O =0Output P = Power

Note 1:

Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.

2:  Default assignment for CCP2 when CCP2MX Configuration bit is set.

3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No

Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.
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TABLE 1-3: PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number ;
Pin Name TP'" E_!ruffer Description
PDIP | QFN (TQFP | 'YP® | Type
PORTA is a bidirectional I/O port.
RAD/AND 2 19 19
RAO Vo | TTL Digital I/O.
ANOD I |Analog| Analog input0.
RAT/ANT 3 20 20
RA1 Vo | TTL Digital I/O.
AN1 I [Analog| Analog input 1.
RA2/AN2NREF-/ 4 21 21
CVREF
RA2 Vo | TTL Digital I/O.
ANZ2 I |Analog| Analoginput 2.
WREF- I [Analog| A/D reference voltage (low) input.
CWREF O [Analog| Analog comparator reference output.
RA3/AN3/VREF+ 5 22 22
RA3 Vo | TTL Digital I/O.
AN3 I |Analog| Analog input 3.
VREF+ I |Analog| A/D reference voltage (high) input.
RA4/TOCKI/C10UT/ 6 23 23
RCV
RA4 e} ST Digital I/O.
TOCKI | ST Timer( external clock input.
c1ouT 0] — Comparator 1 output.
RCW | TTL External USB transceiver RCV input.
RAG/AN4/SS/ 7 24 24
HLVDIN/C20UT
RAS Vo | TTL Digital I/O.
AN4 I [Analog| Analog input4.
S5 | TTL SPI slave select input.
HLVDIN I |Analog| High/Low-Voltage Detect input.
c20UT 0] — Comparator 2 output.
RAG — — — — — See the OSC2/CLKO/RAS pin.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
0O =0Output P = Power
Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2:  Default assignment for CCP2 when CCP2ZMX Configuration bit is set.
3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No

Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.
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TABLE 1-3:

PIC18F4455/4550 PINOUT I/Q DESCRIPTIONS (CONTINUED)

. Pin Number Pin |Buffer -
Pin Name Description
PDIP | QFN |TQFP | TyPe | Type
PORTB is a bidirectional I!0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/ANTZ2/INTOf 33 9 8
FLTO/SDI/SDA
RBO o | TTL Digital /0.
AN12 I |Analog| Analog input 12
INTO | ST External interrupt 0.
FLTO | ST Enhanced PWM Fault input (ECCP1 module).
SDI [ ST SPI data in.
SDA 1o ST 1“C™ data I/0.
RB1/ANTO/INT1/SCK/ 3 10 9
SCL
RE1 o | TTL Digital /0.
AN10 I |Analog| Analog input 10
INT1 | ST External interrupt 1.
SCK 11O ST Synchronous serial clock input/output for SPI mode.
SCL 11O ST Synchronous serial clock input/output for 12C mode.
RB2/ANS/INT2/ VMO 35 1 10
RB2 o | TTL Digital 11O
ANS I [Analog| Analoginput 8.
INT2 | ST External interrupt 2.
YMO O — External USB transceiver VMO output.
RB3/ANY/CCP2/VPO 36 12 11
RB3 o | TTL Digital /0.
AN9 I |Analog| Analoginput9.
ccp2 11O ST Capture 2 input/Compare 2 output/PWM 2 output.
VPO O — External USB transceiver VPO output.
RB4/ANT1/KBIO/CSSPP| 37 14 14
RB4 /o | TTL Digital 11O
ANT1 I |Analog| Analog input 11.
KBIO | TTL Interrupt-on-change pin.
CSSPP O — SPP chip select control output.
RBS/KBI1/PGM 38 15 15
RBS o | TTL Digital /0.
KBI1 | TTL Interrupt-on-change pin.
PGM 11O ST Low-Voltage ICSP™ Programming enable pin.
RB6/KBI2/IPGC 39 16 16
RB6 /o | TTL Digital 11O
KBI2 | TTL Interrupt-on-change pin.
PGC He] ST In-Circuit Debugger and ICSPF programming clock pin.
RB7/KBI3/PGD 40 17 17
RB7 o | TTL Digital 11O
KBI3 | TTL Interrupt-on-change pin.
PGD He] ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Qutput P = Power
Note 1: Alternate assignment for CCP2 when CCP2MX Caonfiguration bit is cleared.

2: Default assignment for CCP2 when CCP2MX Configuration bit is set.

3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.
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TABLE 1-3:

PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number

. Pin |Buffer .
Pin Name T T Description
PDIP | QFN |TQFP | 'YPe | lype
PORTC is a bidirectional I/O port.

RCOMIOSOM13CKI 15 34 32

RCO H{®] ST Digital I/O.

T1050 0 — Timer1 oscillator output.

T13CKI | ST Timer1/Timer3 external clock input.
RC1/T10SI/ICCP2/ 16 35 35
UOE

RC1 @] ST Digital /O,

T10SI | |CMOS| Timerl oscillator input.

ccp2(2) /o | ST Capture 2 input/Compare 2 output/PWM 2 output.

UOE 0 — External USB transceiver OE output.
RC2/CCP1/P1A 17 36 36

RC2 /O ST Digital 1/O.

CCP1 11O ST Capture 1 input/Compare 1 output/PWM 1 output.

P1A @] TTL Enhanced CCP1 PWM output, channel A.
RC4/D-'VM 23 42 42

RC4 | TTL Digital input.

D- /O — USB differential minus line (input/output).

VM | TTL External USB transceiver VM input.
RCA/D+VP 24 43 43

RC5H | TTL Digital input.

D+ 11O — IUSB differential plus line (input/output).

VP | TTL External USB transceiver VP input.
RCE/TX/CK 25 44 44

RC6 H{®] ST Digital I/O.

TX 0 — EUSART asynchronous transmit.

CK 11O ST EUSART synchronous clock (see RX/DT).
RCT/RX/DT/SDO 26 1 1

RC7 /O ST Digital /0.

RX | ST EUSART asynchronous receive.

DT /O ST EUSART synchronous data (see TX/CK).

SDoO 0 — SPI data out.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels | = Input
0O = Output P = Power

Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.

2:  Default assignment for CCP2 when CCP2MX Configuration bit is set.

3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.
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TABLE 1-3: PIC18F4455/4550 PINQUT 1/O DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer -
Pin Name T T Description
PDIP | QFN |TQFpP | 'YPe | lype
PORTD is a bidirectional IYO port or a Streaming
Parallel Port (SPP). These pins have TTL input buffers
when the SPP module is enabled.
RDO/SPPO 19 38 38
RDO fe] ST Digital I/O.
SPPO o | TTL Streaming Parallel Port data.
RD1/SPP1 20 39 39
RD1 fe] ST Digital I/O.
SPP1 /o | TTL Streaming Parallel Port data.
RD2/SPP2 21 40 40
RD2 fe] ST Digital I/O.
SPP2 o | TTL Streaming Parallel Port data.
RD3/SPP3 22 41 41
RD3 fe] ST Digital /0.
SPP3 o | TTL Streaming Parallel Port data.
RD4/SPP4 27 2 2
RD4 fe] ST Digital /0.
SPP4 o | TTL Streaming Parallel Port data.
RD&/SPPS/P1B 28 3 3
RDS 1o ST Digital I/O.
SPP& o | TTL Streaming Parallel Port data.
P1B @] — Enhanced CCP1 PWM output, channel B.
RD&/SPPGB/P1C 29 4 4
RD& fe] ST Digital /0.
SPPG /o | TTL Streaming Parallel Port data.
P1C Q — Enhanced CCP1 PWM output, channel C.
RD7/SPPT/P1D 30 5 5
RD7 1o ST Digital I/O.
SPPT 'O | TTL Streaming Parallel Port data.
P1D O — Enhanced CCP1 PWM output, channel D.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power
Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set.
3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No

Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.
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TABLE 1-3: PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number

. Pin |Buffer i
Pin Name T T Description
PDIP | QFN | TQFP | 'YP€ | TYPE
PORTE is a bidirectional 1/0 port.
REO/ANS/CK1SPP 8 25 25
RED 110 ST Digital /0.
ANS I [Analog| Analog input 5.
CK1SPP 0] — SPP clock 1 output.
RE1/ANG/CK25PP 9 26 26
RE1 110 ST Digital /0.
ANG I |Analog| Analog input 6.
CK25PP 0] — SPP clock 2 output.
RE2/ANT/OESPP 10 27 27
RE2 110 ST Digital /0.
ANT I |Analog| Analoginput 7.
OESPP 0 — SPP output enable output.
RE3 — — — — — |See MCLR/NPP/RES3 pin.
Vss 12, 31(6,30, | 6,29 P — |Ground reference for logic and I/O pins.
31
VoD 1,321 7,8 |7, 28 P — | Paositive supply for logic and 1/O pins.
28,29
VusB 18 37 a7 0 — |Internal USB 3.3V voltage regulator output.
NC/ICCKACPGCH) — | =1 12 No Connect or dedicated ICD/ICSP™ port clock.
ICCK 110 ST In-Circuit Debugger clock.
ICPGC 110 ST ICSP programming clock.
NC/CDTNCPGD® — | =1 13 No Connect or dedicated ICD/ICSP port clock.
ICDT 110 ST In-Circuit Debugger data.
ICPGD 110 ST ICSP programming data.
NC/ACRST/ICVPe() — | — | 33 No Connect or dedicated ICD/ICSP port Reset.
ICRST | — Master Clear (Reset) input.
ICVPP P — Programming voltage input.
NC/CPORTSE) — | = 34 P — |No Connect or 28-pin device emulation.
ICPORTS Enable 28-pin device emulation when connected
to Vss.
NC — 13 — — — |No Connect.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
0O =0Output P = Power

Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set.

3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.
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FIGURE 1-2:

PIC18F4455/4550 (40/44-PIN) ELOCK DIAGRAM
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Note 1:

4: RB3is the alternate

pin for CCP2 multiplexing.

RE3 is multiplexed with MCLR and is only available when the MCLR Resets are disabled.
2: OSCUCLKI and QSC2/CLKO are only available in select oscillator modes and when these pins are not being used as digital I'O. Refer

to Section 2.0 “Oscillator Configurations™ for additional information.
3: These pins are only available on 44-pin TQFP packages under certain condifions. Refer to Section 25.9 “Special ICPORT Features
(Designated Packages Only)" for additional information.
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28.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratingsm

AN MDA e U DB et -40°C to +85°C
BT B B BB T B B I e e et e et e e e e e -65°C to +150°C
Yoltage on any pin with respect to Vas (except Voo, MCLR and RAD) o -0.3V to (Voo + 0.3V)
R =T L= T A = =T (o OO -0.3Y to +7.8Y
Voltage on MCLR with respect to Ves (MOt 2) ... .. 0V to +13.25V
Total power AI s D Om IO ) e e e e 1.0W
L L T L= w0 = o SRRSO 300 mA
PARMIUITT CUITENE INE0 WD DN oot e e e st 250 mA
Input clamp CUrTENT, I IV 0 08 W1 3 W DD kit ittt cabs e e s e e e b e e sh st A b4 a8 2 s e s en s s enannans +20 mA
Qutput clamp current, 108 (Vo = 0007 WD 2 WD) cn i cseses e sres e ssss e e s sh stk s 4t s sa2 s sasessassnsnnans +20 mA
M aximum out DU CUrTE N SN Ly A L D e et 25 mA
Maximum output curment SoUrCed by Ay L DI e et 25 mA
I I CUITENE SUNK 0 Al OIS e e e 200 mA
L T Ny = Tw 0= =1 I RSNSOI 200 mA

Note 1: Power dissipation is calculated as follows:
Pdis = VoD x {loo — T loHl + T {{Voo — Viou) x lod} + Z(VoL x lou)

2: “oltage spikes below YVss at the MCLRAYPR/REZ pin, inducing currents greater than 80 mA, may cause
latch-up. Thus, a series resistor of 50-10042 should be used when applying a “low™ level o the MCLRNEeR/
RE3 pin, rather than pulling this pin directly to Vss.

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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FIGURE 28-1: PIC18F2455/2550/4455/4550 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)
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FIGURE 28-2: PIC18LF2455/2550/4455/4550 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL}
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Note: VooarraiM is the minimum voltage of the PICY device in the application.
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WiFly GSX 802.11 b/g
Wireless LAN Module

Features
e Qualified 2.4GHz IEEE 802.11b/g transceiver

e High throughput, 1Mbps sustained data rate
with TCP/IP and WPA2

e Ultra-low power - 4uA sleep, 40mA Rx,
210mA Tx (max)

e Small, compact surface mount module

e On board ceramic chip antenna and U.FL
connector for external antenna

e 8 Mbit flash memory and 128 KB RAM

e UART hardware interface

e 10 general purpose digital I/O

e 8 analog sensor interfaces

¢ Real-time clock for wakeup and time stamping

e Accepts 3.3V regulated or 2-3V battery

e Supports Adhoc connections

e On board ECOS -OS, TCP/IP stacks

e Wi-Fi Alliance certified for WPA2-PSK

® FCC/CE/ICS certified and RoHS compliant.

® |ndustrial (RN-131G) and commercial
(RN-131C ) grade temperature options

Applications
e Remote equipment monitoring
e Telemetry

e Home Automation
e Medical device monitoring

Description

The WiFly GSX module is a stand alone, embedded
wireless 802.11 networking module. Because of its
small form factor and extremely low power
consumption, the RN-131G is perfect for mobile
wireless applications such as asset monitoring, GPS
tracking and battery sensors. The WiFly GSX module
incorporates a 2.4GHz radio, processor, TCP/IP stack,
real-time clock, crypto accelerator, power
management and analog sensor interfaces. This
complete solution is preloaded with software to
simplify integration and minimizes development of
your application. In the simplest configuration the
hardware only requires four connections (PWR, TX,
RX, GND) to create a wireless data connection.
Additionally, the sensor interface provides
temperature, audio, motion, acceleration and other
analog data without requiring additional hardware. The
WiFly GSX module is programmed and controlled with
a simple ASCII command language. Once the WiFly
GSX is setup it can scan to find an access point,
associate, authenticate and connect over any Wil
network.

Block Diagram

e Industrial sensors and controls
On-board
chip antenna

2.4 GHz
Y TX/RX
: X :]
PA

U.FL connector
For optional external
antenna

1;&2&3 32-bit 2MB Flash
CPU ROM Memory
2.4 GHz N M T
Radio 802.11blg ||® y
MAC/PHY |[Z GFio
S|| SPI
2.4 GHz VART
PA P GPIO sy
P ADC M;:t VDD BATT
accelerator
SDIO Boost
| Sensor Interface | | EPC/RFID | 3.3V Boost | Enable
— Regulator [~
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Overview
* Host Data Rate up to 1 Mbps for UART
* Intelligent, built-in power management with programmable wakeup
¢ Can be powered from regulated 3.3-3.7V source or 2.0-3.0V batteries
* Real time clock for time stamping, auto-sleep and auto-wakeup
e Configuration over UART using simple ASCIl commands
e Telnet configuration over WiFi
¢ Over the air firmware upgrade (FTP)
* Memory 128 KB RAM,2MB ROM, 2 KB battery-backed memory, 8 Mbit Flash.
¢ Secure WiFi authentication WEP-128, WPA-PSK (TKIP), WPA2-PSK (AES)
e Built in networking applications DHCP, UDP, DNS, ARP, ICMP, TCP, sockets

® 802.11 power save and roaming functions

Environmental Conditions

Parameter RN-131G RN-131C
Temperature Range (Operating) -30°C ~ +85°C 0°C~ +70°C
Temperature Range (Storage) -40°C ~ +85°C -40°C ~ +85°C
Relative Humidity (Operating) <90% <90%
Relative Humidity (Storage) <90% <90%

Electrical Characteristics
Supply Voltage Min Typ. Max. Unit
Supply Voltage VDD 3.0 3.3 3.7 VDC
Supply Voltage (VBATT option) 2.0 3.0 3.3 VDC
Pin 21 switched 3.3V output 150 ma
Digital linput
Input logic HIGH VIH 2.3V VDC
Input logic LOW VIL 1.0V VDC
Digital Output drive
PIO 4,5,6,7,8 24 ma
PIO 9,10,11,12,13 8 ma
Power consumption
Sleep 4 uA
Standby (doze) - 15 - mA
Connected (idle, RX) 40 mA
Connected (TX) 140 212 mA

809 University Avenue = Los Gatos, CA 95032 - Tel (408) 395-6539 + info@RovingNetworks.com
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Analog Sensor Inputs

Parameter Value
Sense 0,1,2,3 wakeup detect threshold 500mV
AD sense 0-7 measurement range 0-400mV
Precision 14 bits = 12uV
Accuracy 5% un-calibrated, .01% calibrated

Minimum conversion time

35uS (5kHz over wifi )

Sensor Power (pin 33) output resistance 3.3V

10 ohms, max current = 50mA

Radio Characteristics

Parameter Specifications
Frequency 2402 ~ 2480MHz
. 802.11b compatibility : DSSS(CCK-11, CCK-5.5, DQPSK-2, DBPSK-
Modulation

1) 802.11g : OFDM (default)

connector

Channel intervals 5MHz

Channels 1-14

Transmission rate (over the air) 1 - 11Mbps for 802.11b / 6 — 54Mbps for 802.11g
Receive sensitivity -85dBm typ.

Output level (Class1) +18dBm

Maximum RF input to U.FL 10 dBm

809 University Avenue « Los Gatos, CA 95032 - Tel (408) 395-6539 » info@RovingNetworks.com
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Typical Application Schematic

POWER OPTION:

#1 DC 4-12V: INSTALL RP1 AND RP2
#2 BATTERY (2.0-3.3V ) : INSTALL RB1
P3_3V
U1 =
: LN out 2
al 14_
; SHDN
2 —44gp GND |2
= c2
CONN_PWR c1 LP2985
il 0.1uf
VIN =
BATTY
1
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| [ SHUNT
BATT c3
) | 47uF
= R? RXDIN
d AN-131GXS 49K
U2 PIOY
uTX 5 E o Rec
URX | =' SENSO =TT 22k
& a ™ SEnst ,31‘1’ e o
- GPIO_12 7 £ SENS2 [FU—=FRmy
GPIO_13 SENS3 sw?
GPIO4 SENS4 [-2— — REt
GPIOS SENS5 f— ==
GPIOS SENSE [H— —— 10k
GPIO7 SENS7 |F4— ==
GPIOB =
GPIOS SENSPWR [-32—
DRX -
SPI_MISO DMA_RX [-22—pry— SWDIF-4/SM =
SPI_CLK DMA_TX |2
SPI_MOSI
RESET_L supcap |HB—
FORCE_WAKE
3va_ouT
EPCA aVa_IN
EPCB s SHUNT
cHB3BBEB80
RP2 R14 DL4
ARHAASAHDS 1 K 5~  PIO7
SHUNT e ({4
220 LED_BLUE
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R11
== L KRR ‘ » _PIOS
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P3 3V LED_GRN
e |
DTX : . RXDIN G [5( PIOS
J Y 4 | A 1 2 2
WAKE | RESET
DRX Z Ja s XOOU 220 LED_YEL
RTSOUT g 10 TTSIN
= il R13 DL3
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Pin Description @

O Ne OB ®N =

10
1
12
13

141516 17 18 19 20 21 22

Top view

(pads not visible from top)
Pin Name Description Default
1 SENSOR-6 Sensor interface, analog input to module, 1.2V No connect
2 SENSOR-4 Sensor interface, Analog input to module, 1.2V No connect
3 SENSOR-5 Sensor interface, Analog input to module, 1.2V No connect
4 SENSOR-7 Analog input to module, 1.2V No connect
5 RESET Module reset, Active Low, reference to VDD-BATT, 160 usec pulse Pull up
6 EPC-ANT-A EPC port, RFID antenna A No connect
7 EPC-ANT-B EPC port, RFID antenna B No connect
8 SUPERCAP Balance center pin voltage on stacked super capacitors, Analog 3.3V No connect
9 FORCE_AWAKE | Force the module to wakeup, input to module, 31us min. pulse
10 GPIO-13 UART RTS flow control, 8mA drive, 3.3V tolerant
11 GPIO-12 UART CTS flow control, 8mA drive, 3.3V tolerant
12 UART-RX RX to the module, 8mA drive, 3.3V tolerant
13 UART-TX TX from the module, 8mA drive, 3.3V tolerant
14 SPI-MOSI SPI master data out (Contact Roving Networks for details) No connect
15 SPI-CLK SPI clock, (Contact Roving Networks for details) No connect
16 SPI-MISO SPI master data in (Contact Roving Networks for details) No connect
17 3.3V-REG-OUT | boost regulator control output, connect to 3.3V-REG-IN to enable No connect
18 3.3V-REG-IN boost regulator control input, connect to 3.3V-REG-OUT to enable GND to disable
19 GND Ground
20 VDD-BATT Battery input, 2.0-3.3V with boost regulator in use, 3.0-3.7V otherwise
21 VDD-IN 3.3 to 3.7 voltage, do not connect when boost regulator is in use
22 DMA-TX Debug port  *(apply 100K pulldown if ultra low sleep power reqd) HIGH Z
23 DMA-RX Debug port No connect
24 GPIO-9 Restore factory resets, 8mA drive, 3.3V tolerant INPUT
25 GPIO-8 GPIO, 24mA drive, 3.3V tolerant GP output
26 GPIO-7 GPIO, 24mA drive, 3.3V tolerant GP output
27 GPIO-6 Connection STATUS, 24mA drive, 3.3V tolerant LED output
28 GPIO-5 Data transfer STATUS, 24mA drive, 3.3V tolerant LED output
29 GPIO-4 Association STATUS, 24mA drive, 3.3V tolerant LED output
30 SENSOR-1 Sensor interface, analog input to module, 1.2V
31 SENSOR-2 Sensor interface, analog input to module, 1.2V
32 SENSOR-3 Sensor interface, analog input to module, 1.2V
33 SENSE-PWR Voltage output from module to power external sensors, 3.3V
34 SENSOR-0 Wakeup from external condition
35 NO CONNECT No connect
36-44 GND Must be connected for proper antenna performance

809 University Avenue + Los Gatos, CA 95032 - Tel (408) 395-6539 + info@RovingNetworks.com
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5.

10.

Connection Status. GP10-4, GPIO-5, GPIO-6 are available to drive a status LEDs. GPIO-6 indicates TCP/IP
connection status. This signal is ON high for an active connection, toggles fast to indicate no IP address and
toggles slow indicates IP address OK but not connection. GPIO-4 indicates association status. High means not
associated with a network, Off indicates associated and Internet access is OK. GPIO-5 toggles when data is
transferred.

Keep out areas. When designing your PCB
avoid exposed trace and via beneath the module.

Powering the module. The WiFly module can

be powered from either 3.0VDC batteries or

3.3VDC regulated power. Keep out areas: There are two
1 mm round testpads on the

s bottom of the module. Avoid
placing any exposed traces
orvias intheseareas

3.0VDC battery power
¢ Apply power to pin 20 (VDD-BATT)
s Short pin 17 (3.3V-REG-OUT) to pin 18
(3.3V-REG-IN) (battery boost mode)
e 150mA of current at 3.3V available for
external devices on pin 21 when in 8.0 mm
battery boost mode.

3mm
3.3 VDC power 6mm 5 mm
*  Apply power to pin 20(VDD-BATT) and ;
pin 21 (VDD-IN) Bottom view

¢ Connect pin 18 (3.3V-REG-IN) to ground and leave pin 17 (3.3V-REG-OUT) unconnected.
Achieving lowest power in sleep mode

To achieve the lowest power consumption (4uA) in sleep mode connect a weak pull down (100K resistor to GND)
on the following pin.

Pin 22 - DMA-TX

If GP1O-8 through GPIO-4 are being used to drive an output, connect a 100k pull down resistor. Any GPIOs not
used (No connect) can be left floating.

Pin 25 - GPIO-8

Pin 26 - GPIO-7

Pin 27 - GPIO-6

Pin 28 - GPIO-5

Pin 29 - GPIO-4
Other GPIO lines: No pulldown needed, internal pulldown ( 80K ) already on chip.
The power consumption in sleep mode without these signals connected to a pull down is 655uA
Sensor Interfaces. Inputs must not exceed 1.2V. Sensitivity saturates at 400 mV.

Adhoc mode and Restoring Factory Settings. Adhoc mode is controlled through GPIO-9. It is a good idea to
connect pin 24, GPIO-9 to a switch or jumper connected to a pull up. When GPIO-9 is driven high at power up

809 University Avenue + Los Gatos, CA 95032 - Tel (408) 395-6539 - info@RovingNetworks.com
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GP2Y0A21YK/GP2YoD21YK

GP2Y0A21YK/
GP2Y0OD21YK

B Features
l. Less influence on the color of reflective objects, reflectivity
2. Line-up of distance output/distance judgement type
Distance output type {analog voltage) : GP2Y0OA21YK
Detecting distance : 10 to 80cm
Distance judgement type : GP2Y0OD21YK
Judgement distance : 24cm
(Adjustable within the range of 10 to 80cm [Optionally available])
3. External control circuit is unnecessary

4. Low cost

B Applications
1. TVs

. Personal computers

led b2

. Cars

e

. Copiers

B Absolute Maximum Ratings (12s5c v.—sv)

Parameter Symbol Rating Unit
Supply voltage Voo 03 to+7 v
Output terminal voltage Vo 0.3 to V- +0.3 V
Operating temperature T —10 to +60 C
Storage temperature T.w —40 to +70 C

129

General Purpose Type Distance
Measuring Sensors

H Outline Dimensions

{(Unit : mim )
I_\ /}_
—TJT — 7T . .
a7 . Light detector side
205 g3 Lenscase
*45 *2010.1 2 1/
43.2 hole - R375 H—

375] || ] \e3:2hole
- L) 1
Y| 4|
Light emitter sida)| 10, Connector
g [ 10.1 12N e

e —— .
i Made by

1475 JST MFg, 23

75 415 163 o, LID.

i i | S36-PH
1
or:

'(21.5

Terminal connaction

# The dimensions marked * ara @ Vg
described the dimensions of @ GND
lens centar position. & Ve

# Unspecified tolerance : £0.3mm




SHARP

GP2Y0A21YK/GP2YOD21YK

B Recommended Operating Conditions

Parameter Symbol Rating Unit
Operating supply voltage Ve 4.5 t0o+5.5 vV
B Electro-optical Characteristics (T,=25°C, Vo=5V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Distance measuring range AL e 10 - 80 cm
GP2Y0A21YK Vo L=80cm *! 0.25 0.4 0.55 v
Output terminal voltage GP2YOD21YK Von Output voltage at High:l Vee—0.3 - - \i
Vo Output voltage at Low™' - - 0.6 \
Difference of output voltage | GP2YOA2IYK| AV, Output change at L=80cm to 10cm"’ 1.65 1.9 2.15 \
Distance characteristics
*] #4 %2 D] / !
of output GP2YOD21YK| Vo 21 24 27 em
Average Dissipation current Iec L=80cm *! - 30 40 mA
Note) L : Distance to reflective object
*1 Using reflective object : White paper (Made by Kodak Co. Ltd. gray cards R-27 - white face, reflective ratio ; 90%)
*2 We ship the device after the following adjustment : Output switching distance L=24cm#3cm must be measured by the sensor
*3 Distance measuring range of the optical sensor system
*4 Output switching has a hysteresis width. The distance specified by Vo should be the one with which the output L switches to the output H
Fig.1 Internal Block Diagram Fig.2 Internal Block Diagram
GP2Y0A21YK GP2YoD21YK
GND Veo 5V GND Vo 5V
)
7 _.—47
PSD_7zomcceosiomes doooodies [ e— oo ],
: 1= I i g;ggg!ssing || Vohiage : : = I i ;rlggz'lssing || Voltage : ES
il ——/:‘_E‘ Gircuit regulator i 7l 1 : Circuit regulator i "i‘:‘]zkg
1 T n ! - - 1 )
' L Oscillation | ! V., i L Oscillation | ! Vo
1 . . I . . !
! clircuit | Analog output : Circuit | Digital output
1 . 1 . 1
LED drive Output ! o LED drive Output !
.
~ { E circuit circuit ! N t | circuit circuit !
LED ‘' ] ! LED o/ _______. !
Distance measuring IC Distance measuring IC
Fig.3 Timing Chart
VCC
(Power supply) J I_
_ 3B.3ms0.6ms__
bistance - o ____.
measuring First measurment | Second | W measament !
operation \ N
\
Vg (Output) | Unstable output First output x Second output x '\'\. nth oulputl
5.0msM**{GP2Y0A21YK)

7.6ms+1.9ms" T(GP2YoD21YK)
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1.5 A Adjustable Output,
Positive Voltage Regulator

The LM317 is an adjustable 3—terminal positive voltage regulator
capable of supplying in excess of 1.5 A over an output voltage range of
1.2 V to 37 V. This voltage regulator is exceptionally easy to use and
requires only two external resistors to set the output voltage. Further, it
employs internal current limiting, thermal shutdown and safe area
compensation, making it essentially blow—out proof.

The LM317 serves a wide variety of applications including local, on
card regulation. This device can also be used to make a programmable
output regulator, or by connecting a fixed resistor between the
adjustment and output, the LM317 can be used as a precision current
regulator.
® QOutput Current in Excess of 1.5 A
¢ Qutput Adjustable between 1.2 V and 37 V
® Internal Thermal Overload Protection
e Internal Short Circuit Current Limiting Constant with Temperature
® Qutput Transistor Safe-Area Compensation

Floating Operation for High Voltage Applications

® Available in Surface Mount D2PAK, and Standard 3—Lead Transistor
Package

® Eliminates Stocking many Fixed Voltages

Standard Application

Vin Vout
O LM317

J

LM317

THREE-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

SEMICONDUCTOR
TECHNICAL DATA

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Heatsink surface
connected to Pin 2.

Pin 1. Adjust
2. Vout
3.V,

D2T SUFFIX
PLASTIC PACKAGE
CASE 936
(D2PAK) 1

Heatsink surface (shown as terminal 4 in
case outline drawing) is connected to Pin 2.

ORDERING INFORMATION

* Cin is required if regulator is located an appreciable distance from power supply filter.
** Cp is not needed for stability, however, it does improve fransient response.

Ry
Voui = 125V 1+R—1 + IAdeE

Since Ipgj is controlled to less than 100 pA, the error associated with this term is
negligible in most applications.

@ Semiconductor Compenents Industries, LLC, 2002

January, 2002 - Rev. 3
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Operating
Device Temperature Range Package
LM317BD2T Surface Mount
T, = -40° to +125°C
LM317BT Insertion Mount
LM317D2T Surface Mount
T, =0°to +125°C -
LM317T Insertion Mount

Publication Order Number:

LM317/D




APPENDEX B

CONGESTION
ANALYZER AND

LABVIEW PROGRAM

Traffic Congestion Analyzer Code

LabVIEW Connection Program
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#include <p18F4550.h>
#include <delays.h>
#include <adc.h>
#include <stdlib.h>
#include <string.h>
#include <usart.h>
#include "timers.h"

#pragma config FOSC = INTOSC_HS
#pragma config LVP = OFF

#pragma config WDT = OFF

unsigned int ch0, chl, data, value;
unsigned countl = 0;
unsigned count0 = 0;
unsigned int spbrg=12;

int c=0,k=0;

double **V;

double **T;

double *A;

double *clearance;

double clearance_avg=0.0;
double speed_avg=0.0;
double N;

char *decision="";

char *s_avg="";

char *c_avg="";

unsigned char street="C’;
long sp, cl;

void aa(void)

{

if (PIR1bits. TMR1IF)

{

PIR1bits. TMR1IF = 0;
INTCON=0b10100000;
countl++;
//WriteTimer1(0);
//Delay100TCYXx(255);

}

if (INTCONDits. TMROIF)
{
INTCONDits. TMROIF=0;
INTCON=0b10100000;
countO++;
/IWriteTimer0(0);

}

void Vehicle_detector(){

SetChanADC( ADC_CHO0);
ConvertADC();
while(BusyADC());
ch0 = ReadADC();
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if (ch0>=300){

PORTBbits.RB3=1;

if(c 1= 1){ //if itis not the first car
T[c][0]=(ReadTimer0()+(count0*65536))*0.0000005;
count0=0;

}

WriteTimer1(0);

SetChanADC( ADC_CHL1);

ConvertADC();

while(BusyADC());

chl = ReadADC();

if (ch1>=300){

PORTBbits.RB0=1;
T[c][1]=(ReadTimer1()+(count1*65536))*0.0000005;
count1=0;
V[c][1]=0.1/T[c][1]; /[calculate V1 for car #c

SetChanADC( ADC_CHO);
ConvertADC();
while(BusyADC());
ch0 = ReadADC();
if (ch0<300){
/IPORTBbits.RB0=1;
WriteTimer1(0);
WriteTimer0(0);
SetChanADC( ADC_CH1);
ConvertADC();
while(BusyADC());
chl = ReadADC();
if (ch1<300){
/[PORTBbits.RB0=1;
T[c][2]=(ReadTimerl()+(count1*65536))*0.0000005;
count1=0;
V[c][2]=0.1/T[c][2]; /[calculate V2 for car #c

}

void S_C_calculator(){
cH+; /lincrement number of cars
if(c 1= 1){ //if itis not the first car
if(V[c][2] != V[c][1] && T[c][2] != T[c][1]){
Alc] = (V[c][2]-VIcl[1D/(T[c][2]-T[c][1]); //calculate Acceleration (car #c)
;/[C] [0] = V[c][2]-Alc]*(T[c][2]-T[c][OD);
clearance[c] = V[c][0]*T[c][O];

speed_avg = (speed_avg + (V[c][2]+V[c][1])/2)/c;
clearance_avg = (clearance_avg + clearance[c])/c;

¥

void Decision_maker(){
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N = ((speed_avg/14) + (clearance_avg/2.4))/2;

if (N >=1.0)
decision ="No ";
else if (N<1.0 && N>0.67)
decision = "Low ";
else if (N<0.67 && N>0.33)
decision = "Mode";
else if (N>0.33 && N<0.0)

decision = "High";
if (PORTDbits.RD0==0)
street = 'B';
else
street = 'A’;

sp = (int)(speed_avg + 0.5);
cl = (int)(clearance_avg + 0.5);

itoa(sp, s_avg);
itoa(cl, c_avg);

}

void Data_transmitter(){

while(BusyUSART());
PUtCUSART (street);

while(BusyUSART());
for(k=0;k<5;k++)
putcUSART (s_avg[K]);

while(BusyUSART());
for(k=0;k<5;k++)
putcUSART (c_avg[K]);

while(BusyUSART());
for(k=0;k<5;k++)
putcUSART (decision[K]);

}

#pragma code high_vector=0x08
void high_vector (void)

{ asmgoto aa _endasm}
#pragma code

void main(void)

{
OSCCON =0b11111111;

PORTA=0;
PORTD=0;
PORTB=0;
TRISD=255;
TRISB=0;
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RCONDits.IPEN=1;
INTCON=0b10100000;

PIE1=1;
IPR1=1;

OpenUSART(USART_TX_INT_OFF & USART_RX_INT_OFF & USART_ASYNCH_MODE &
USART_EIGHT_BIT & USART_CONT_RX & USART_BRGH_LOW, spbrg);

OpenADC(ADC_FOSC_64 & ADC_RIGHT _JUST & ADC_2_TAD, ADC_CHO & ADC_CH1 &
ADC_INT_OFF & ADC_REF_VDD_VSS ,ADC_2ANA):

OpenTimerO( TIMER_INT_ON &
TO_16BIT&
TO_SOURCE_INT &
TO_PS 1 1);

WriteTimer0(0);

OpenTimerl( TIMER_INT_ON &
T1 8BIT_RW &
T1_SOURCE_INT &

T1 PS 1 1);

WriteTimer1(0);

while(1) {

Vehicle_detector();
S_C_calculator();

Decision_maker();
Data_transmitter();

}

CloseUSART();

}
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