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ABSTRACT 

Urbanization brings with it several consequences, both 

adverse and beneficial. Traffic congestion and urban flooding 

are two menacing problems of urbanization. This paper 

proposes an efficient solution to determine not just the traffic 

density but the nature of traffic flow and also the flood water 

level in case of an emergency situation. It also provides a 

solution to drain the flood water with no on site human 

intervention required. In comparison to conventional 

techniques the proposed system is a cost effective alternative, 

thus perfectly suitable for implementation in developing 

countries.  
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1. INTRODUCTION 
With the advent of industrial revolution 200 years ago, there 

has been a dramatic increase in urban growth, also known as 

Urbanization. The passage of time has further accelerated this 

growth and today the speed and scale of expansion of cities is 

unprecedented.  In USA 5% of the population lived in cities in 

1800. By 1920 50% of the population lived in cities. In 

comparison only 17.8% of population of Third world societies 

lived in cities in 1950. But by 2000, the percentage had 

increased to 40% and by 2030, the percentage is predicted to 

increase to 60%.[CES, IISC]. As cities are beckoning people 

from across the world, it has also caused several serious 

problems of which Traffic congestion and Urban Flooding are 

grave issues. Traffic congestion has today become an issue of 

global concern resulting in problems such as travel time delay, 

increase of traffic accidents, rise of fuel depletion, survival 

environmental degradation and so on. It severely affects the 

city’s normal function and its sustainable development [1]. 

The excess fuel consumption and time wasted in traffic, 

Congestion leads to annual economic burdens ranging from 

$83 billion to $124 billion [2]. 

 Another major issue is urban flooding. It is a result of human 

encroachment on farmlands, woodlands etc thereby reducing 

the surface area available for water infiltration into the soils, 

resulting in rapid runoff. Thus urban flooding occurs very 

quickly, has greater peaks from 1.8 to 8 times and increased 

volumes by up to 6 times. The gravity and widespread nature 

of the above mentioned problems probes us for an effective 

urban crisis management model.  

 

2.  LITERATURE REVIEW 
In today’s world, automobile dependence is one of the major 

aspects of urban travel in cities. 

The most visible manifestation of this automobile dependence 

is the road traffic congestion problem (Miller, 1972). Traffic 

congestion occurs when travel demand exceeds the existing 

road system capacity (Rosenbloom, 1978). In order to 

overcome this problem accurate and real time measurement of 

traffic parameters such as type and number of vehicles, their 

individual speeds and overall flow pattern is essential. The 

existing methods can be broadly divided into intrusive and 

non intrusive techniques. The intrusive techniques include 

employment of, pneumatic road tubes, inductive loop, 

magnetic sensors etc and the non intrusive techniques include 

ultrasonic sensors, infrared sensors, video image processors 

etc [3]. Drawback of using pneumatic road tubes and 

inductive loop sensors is that they are temperature sensitive, 

which affects their data accuracy rates and that of magnetic 

sensors is that they cannot detect stopped vehicles. In case of 

video image processors factors such as inclement weather, 

shadows, vehicle projection into adjacent lanes, occlusion, 

day-to-night transition etc affect performance [4]. Also the 

cost associated with VIP’s and other non intrusive techniques 

is large making it a non- economical option.  

Another major problem is flooding of urban areas. 

Conventionally flood detection is performed based on 

remotely sensed data that can be obtained through various 

approaches, derived from delineation techniques, object or 

pixel based classifications, pre and post event comparisons, 

and similar [5]. In rural areas flood extent is detected by using 

synthetic aperture radar (SARs). However, in urban areas due 

to the side-looking nature of SAR, substantial areas of ground 

surface is not visible due to shadowing and layover caused by 

buildings or taller vegetation. Only a certain fraction of roads 

were visible to the SAR. This makes it unlikely that a 

continuous flood waterline could be extracted [6]. Another 

approach makes use of data derived from rural flooded areas 

in guiding flood detection in urban areas. The algorithm 

proved capable of detecting flooding in rural areas using 

TerraSAR-X with good accuracy, classifying 89% of flooded 
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pixels correctly, with an associated false positive rate of 6%, 

but for urban areas these figures fell to 57% and 18%, 

respectively.  Even with the employment of currently 

available SAR image resolutions of 3 m and higher, signal 

returns from man-made structures hamper the accurate 

mapping of flooded areas [7]. The difficulty of detecting 

flooded areas in a built-up environment has been partially 

addressed by a Change Detection approach that makes use of 

pre- or post flood reference images available in the data 

archives of satellite data providers.  Although this approach 

overcomes the need of a high-resolution DEM and a SAR 

simulator for determining shadow regions that are not visible 

to the satellite, it requires a reference image with the same 

imaging characteristics as the flood image restricting its 

applicability for new satellites [8]. Hence we conclude that 

most of these methods although capable of flood detection in 

rural areas, fail to provide effective continuous real time 

detection in urban areas. 

 

3. CONCEPTUAL MODEL OF THE 

SYSTEM 

3.1 Sensor 
In our approach sensors are used to detect traffic intensity and 

flood levels. They are connected to the port of the 

microcontroller. The 2 sensors used are as follows:- 

A. Traffic flow sensor 

Conventionally sensors such as proximity sensors, optical 

detectors etc are used to detect moving vehicles. Detection of 

vehicle is done by placing a sensor along the road and with 

each passing vehicle a pulse is generated. These pulses are 

then counted and the count value is proportional to the 

number of vehicles passing the road. This approach can be 

used only to determine the volume of traffic passing through a 

particular area and not nature of traffic flow (i.e. free flow or 

congestion).  

If the traffic is moving smoothly then the    pulses generated 

due to the switching will have low pulse width and high 

frequency. Due to the low width of the pulse, count value is 

low as the controller program loop used to scan the port line 

to which switch is connected detects logic high for most of the 

time in a given interval and count does not increase. Thus 

count value is low indicating smooth flow of traffic. When 

there is a traffic jam occurring at a junction then switching 

frequency is low resulting in a widened pulse. This increase in 

pulse width causes logic low detection by the controller for 

more number of instants with the count value increasing 

correspondingly. Thus higher count indicates traffic jam. 

When the count value is in between the two values the traffic 

is said to be moderate. The plank arrangement also consists of 

springs to avoid triggering of switch due to light weight 

vehicles.  

In our approach shown in fig.1, a traffic flow sensor is 

implemented using switch, springs and a metal plank. The 

switch changes its state for each passing vehicle from logic 

high to    logic low. The output of switch is continuously 

sensed by the microcontroller port and every time it senses a 

logic low the count value is incremented, the value of count 

gives the nature of traffic flow. The frequency of switching 

helps in calculating the density of vehicles at a particular 

junction. 

 

 

Fig.1      Traffic Flow Sensor 

                                                                                                   

B. Flood sensor 

In order to detect flood level we make use of conducting level 

sensor shown in fig.2. The conducting level sensors are more 

suitable for applications where point detection is required. 

These sensors are constructed using transistors and 

conducting probes. The conducting probes can be of etched 

PCB type or conducting wires. However implementing the 

circuit using etched PCB improves the performance and 

makes the circuit sophisticated. 

 

Fig. 2 Flood sensor 

3.2 Microcontroller 
The proposed system makes use of microcontroller AT89S51. 

It is a low power, high performance CMOS 8 bit 

microcontroller with 4K bytes of In-System Programmable 

Flash memory. The on chip flash allows the program to be 

reprogrammed in-system or by a conventional non volatile 

memory programmer. It is a powerful microcontroller which 

provides a highly flexible and cost effective solution to many 

embedded control applications. 
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3.3 Zigbee module 
In our system we make use of a Zigbee module for 

communication between the microcontroller and central 

monitoring system. It is a reliable, low power, secure, low 

cost wireless standard. It is easy to deploy, has a long battery 

life and can be used globally [9]. It thus contributes to making 

the system more cost effective and sustainable. However the 

option of using GSM/GPRS based wireless system is 

available but these services require payment of fee for using 

the network moreover the cost of hardware is also high.  

The another drawback of GSM/GPRS based wireless network 

is that they require high power for  its operation .This 

drawback is overcome as Zigbee is a low power  wireless 

mesh networking standard. 

3.4 Block diagram 

The block diagram is depicted in the fig.3 & 4. Flood sensor 

helps in detecting the flood levels. These flood levels are then 

assigned a particular value by the microcontroller indicating 

the level of flood at the corresponding junction .The traffic 

sensor senses the traffic density at a particular junction. 

Detection of traffic density is done with help of switch and a 

program driven function used to determine the traffic density 

depending upon switching frequency. The traffic density is 

classified as high, low and medium depending upon the count 

value .This information about traffic density and flood levels 

is then relayed to the central monitoring unit using Zigbee 

module and also to the preceding junction and is displayed 

using LCD display[10]. At the central unit the information 

coming from each of the junction needs to be distinguished 

and for this purpose each junction has its own unique Area 

Code. Whenever the flood level reaches maximum level a 

control action needs to be initiated quickly. Since this system 

updates the information to the central monitoring unit on a 

regular basis the control action can be initiated by the person 

in central monitoring unit by simply giving command to the 

microcontroller using Zigbee wireless networking standard for 

communication. On receiving the command the controller 

turns on the DC motor [10] so as to pump the flood water into 

the sewage water drain. The driving of DC motor is done 

using motor drive relay circuit.  

The communication between the microcontroller and the 

central monitoring unit is achieved using Zigbee 

communication. The Zigbee module produces TTL output 

which is not compatible with the computer used at the central 

monitoring unit. Hence TTL to USB converter is used. The 

USB output available at the converter is compatible with the 

computer. The computer in the central monitoring unit helps 

in displaying information such as traffic density and flood 

level with the help of visual basic. Thus the traffic density and 

flood level at a particular junction is displayed at central 

monitoring unit on a real time basis. Since visual basic is an 

event driven program the control to switch on the motor can 

be done by the operator at central monitoring unit by giving 

the command with a single click on computer.  

Also in some situations the real time visuals of particular 

junction are also required to mitigate against the calamity, a 

the real time visuals of a particular junction helps the person 

sitting in control unit to take preventive measures for which a 

wireless camera is used. At the central monitoring unit the 

wireless camera receiver receives the real time images from 

each camera installed at traffic junction. The wireless camera 

receiver provides audio/video output. This AV output needs to 

be converted to USB standard to make it compatible with the 

computer at the control unit. This conversion is done by the 

TV tuner card which provides USB standard output. The USB 

output from the TV tuner card is inputted to the computer 

which displays the real time images of traffic junctions. 

 

      

Fig. 3 Block Diagram of the Sensing System                                               Fig. 4 Block Diagram of Controller System 
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4. SOFTWARE DESCRIPTION 

4.1 C Programming 
In our system we make use of BASCOM – 8051, for writing 

micro-controller code in the C language [11]. It is an 

integrated development environment that includes a BASIC 

Compiler for 8051 compatible microcontroller devices, 

Editor, 8051 Simulator and In-System Programming support 

for a range of 3rd party hardware. Fig 5 indicates the program 

flow chart. The Baud Rate is specified for serial 

communication. Next all pins of port 1, 2, 3 are assigned a 

logic high except P3.7 which is initially assigned a logic low, 

indicating that initially the pump is off. The loop control 

variable P and count variable C is also initialized. The counter 

value is incremented each time the microcontroller senses a 

logic    low and it value at the end of monitoring period is 

used to determine the nature of traffic flow, classifying it as 

clear, medium and jam. Also the input of pins P1.3, P1.2 and 

P1.1 is used to determine the level of flooding. The 

microcontroller based on the received input key makes a 

decision to ON or OFF the pump by making P3.7=1or  

P3.7= 0. 

  

 

Fig. 5 Flowchart of Operation of the System 
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4.2 Visual Basic 
Visual Basic is an event driven programming language used 

to create GUI (Graphical User Interface) applications. In our 

system it is used to create control panel for indicating flood 

level and traffic intensity.  

5. RESULTS CONCLUSION & FUTURE   

SCOPE  
The proposed system was successfully implemented and 

results observed. Accurate numerical data indicating the 

nature of traffic and flood level was provided and made 

available at the CMU using Zigbee technology. The figure 

below shows the control panel at the CMU. 

 

Fig. 6 VB Based Control Panel 

We can hence conclude that the proposed system is an 

efficient and cost effective solution to determine both the 

nature of traffic flow and extent (level) of flooding. Along 

with the images it provides accurate real-time numerical data 

which is an advantage over the conventional techniques. It 

also helps in initiating a quick response in emergency 

situations such as flooding with no on field human 

intervention required as the command is issued and 

transmitted wirelessly by an operator from the central 

monitoring unit located at a distant location. This system is 

useful in developing countries as they have to consider 

economics before modernization. 

The same approach can also be used to detect pollution levels 

, the only additional requirement being that in that case we 

need to use a controller which has a built-in ADC such as 

AVR, PIC controller etc.   
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