Micro electro mechanical systems (MEMS) technology

2.0 Introduction

2.1 Background Information
The dream of having a sensing device that can do multiple functions (like for example, sensing temperature, light, gas, etc.) and it, at the same time, is small in size and cheap in terms of the price and the power it uses, has become true with the continuous progressing in micro-electro-mechanical systems (MEMS) technology, wireless communications, and digital electronics. These small devices are called sensor nodes. They have sensing, programmable computing, storing and short range wireless communicating capabilities. They can sense, process data and communicate together forming a wireless network that consist of hundreds or thousands of them. This type of networks is called wireless sensor network.

A sensor network is built up of a big number of these tiny devices that are deployed in a non engineered position inside the phenomenon or very close to it and forming an ad hoc network. This increases the area which is covered by such a network and helps producing easily accessible and reliable information about the physical environment which is monitored by the nodes. (Akkaya Younis, 2003)

Now, as you can see from the high technical working of the Wireless Sensor Networks (WSNs), they have brought numerous benefits for us. Those WSNs are being used to solve a lot of problems in many fields such as military, health care, security systems, industry and so on. One of the usages that the WSN is being used for, is to manage the big car parks.

Controlling at the entrance and the exit of the parking lot is what most of, nowadays, parking management systems do. They do not have a big or almost completely overview of the whole car park. They do not know which car space is empty or which one is filled. That is why there is no concern about the demand of the car drivers to park their cars safely and quickly. Consequently, drivers may spend much time on looking for free parking space when they enter the park. Wireless sensor networks (WSN) have become rescues. These networks have a large view of the whole park by deploying small nodes all over the parking spaces in order to monitor which space is free and which one is filled and providing a guiding services to the drivers to get to the free spaces. Consequently, managing a car park has been easier with wireless sensor networks by making a good use of the sensing ability of their nods.
2.2 Focus of Study
Many systems have been developed for managing the car parks based on Wireless Sensor Networks. Each of those systems has got a special feature(s) that makes it different from the other systems. In this report, we are going to find out the people's opinions on the new car parks system that we are going to develop. Our system has also got new futures that will make the managing of those car parks easier for the big mallsowners and much convenient for drivers.
2.3 Rationale of Study
Since, nowadays, most of the car parks are very crowded, and a lot of people face problems with parking their cars in that big car parks, we have chosen to study this topic (Wireless Sensor Network Based on Car Parks Application) in order to develop a new car parks system which is going to make the parking process easier and much convenient.
2.4 Limitation
A sample of 40 Sunway University College staff and students were selected for the survey. The selection was made based on the staff and students who only have cars.
3.Literature Review
There are many applications based on WSN regarding making the parking monitoring and management process easier. In this section, we are going to discuss two different parking management systems, based on wireless sensor networks, each one has a different idea and tools used for managing the car parks.

A multi-hop wire-less parking meter network (PMNET) that coupled with a GPS receiver were used to allow the driver to quickly locate and navigate to an available parking space. Enabling existing parking meters with infra red (IR) occupancy sensors and low power radio frequency (RF) transceivers can yield a self-organizing and self-managing distributed system while relying on techniques in mobile ad hoc networking. A query processing module (in parking meters-node) receives structured queries from mobile users, determines if a query matches the current values of its relevant attributes and takes appropriate action. If a query can be satisfied locally, the pm-node responds to the user using the underlying unicast routing protocol . If a pm-node is unable to satisfy the query itself, it rebroadcasts the query to its neighbours which can ,in turn, responds to the user in order to facilitate the process on finding the nearest parking spot from his/her location. (Basu Little, 2004)

Another application, Design Considerations for a Wireless Sensor Network for Locating Parking Spaces which is proposed to conserve hardware costs by eliminating the need for a big number of nodes in each park spot. That system is also relied on a network of wireless sensor nodes that are distributed in strategic locations of the targeted public parking space ( see fig. no.1) instead of deploying a wireless sensor nodes at every parking spot. Information from a limited number of wireless sensors may be aggregated to determine the number and approximate locations (zones) of vacant parking spaces. There are two motes (wireless sensor nodes) both at the entrance and the exit of the parking lot to detect and count the number of incoming and exiting cars, respectively. Intermediate sensor nodes are placed in the path of parking lot to monitor/estimate the number of vacant parking spots in each lane. They are kept at the turnings of each lane and at half the distance of each lane. The number of passing cars detected at these locations can be used to determine the locations of used and empty parking spaces. The information, then, will be forwarded to router nodes( nodes with no sensors) which in turn forward the information to the access point which is connected to a laptop computer where all the data aggregation would be done. (Boda, NasiPuri Howitt, 2007)

As we can see from the two types of the car parking systems that we have mentioned, the first one is a successful system, but its work is based on using the GPS technology which is provided by the driver car mobile, for this reason, it might have some problems if some drivers do not have a mobile in their cars. However, the work of the second system- which is much similar to the new system that we are going to develop- depends on using the wireless sensors not on the whole car park, but only in some partial areas of the car park, so such like this system will save much more money for creating it than the other systems. On the other hand, we may face a problem if we want to add some other features for this kind of car parks system - like sensing the CO2 gas for the car park safety- because there are not enough built sensors in order to obtain such features.
4.Methodology
40 persons of Sunway University College students and staff were surveyed on this topic. The survey was limited only for the people who have cars. The method of this survey was to distribute 40 questionnaires which had different types of questions on this topic (WSN based on car parks management). The duration of distributing those questionnaires was from 17- 19 June 2008.
5Data Analysis and Discussion
shows the problem of parking faced by interviewees in crowded parks. As we can see,70% of the interviewees have difficulties on searching for parking spaces in crowded car parks. This is because most people simply park their cars and they would careless for other people. All they want is a space where they could squeeze their car into without taking any consideration for others. On the other hand, there were30% of the interviewees who are not facing any difficulties on searching for parking spaces in crowded car parks, This is because they maybe either entered the park early in the morning (or late night) or they were lucky enough to get parking spaces for their cars.

shows the percentage of interviewees who left their intended destinations due to not any parking space was available. It can be gathered that52.5% of interviewees actually do leave the intended destination due to no parking space are free. This is mainly because usually if there is no parking space especially in crowded parks, people will keep turning around and around hoping that they would get a parking space soon. However, most people will tend to get fed up after a long time looking for an empty parking space and yet still can not get any. Therefore, they will leave eventually. In contrast, there were47.5% of interviewees who would not leave the intended destination even though there are no parking spaces and they would rather wait patiently to get a parking space than to leave.

shows the noticeable of Sunway Pyramid's new car parking system by the interviewees. It can be seen that the percentage of interviewees who have noticed that system are more than the percentage of interviewees who have not noticed it. There are72.5% of interviewees have noticed the implementation of new parking system which is based on wireless sensor network in Sunway Pyramid. This may be because they went to pyramid often by driving a car. However, there are27.5% of the interviewees who did not notice the new system. This does not mean that they never went to Pyramid before, however, they might have been to the Pyramid and get into the old park lot(where there is only a traditional parking management system on the entrance and exit of the car park), and that is why they might not be aware of this new parking system which is implemented in Sunway Pyramid new attached buildings.

shows the feedbacks from interviewees who have seen the new parking system of Sunway Pyramid.30% of the interviewees replied with neutral feedback. This is because they are still not aware and do not know how this new parking system works in Sunway Pyramid. It can also be seen that there are70% of interviewees replied with positive feedback whereby none of the interviewees replied with negative feedback. According to most of the interviewees who replied positive feedbacks, this new parking system in Sunway Pyramid is very convenient and it helps save a lot of time searching for parking spaces. People can now easily see available parking space by looking at the indicator above the parking space and would not be fooled by any small car (e.g. Kancil) from far assuming there is a parking space.

shows the time which is spent in order to find parking space in any big shopping mall. It can be seen that7.5% of the interviewees spend less than 1 minute to find a parking space. Most probably they are lucky enough to get a parking space when they reached.22.5% of the interviewees spend 2-5 minutes while52.5% of the interviewees spent 6-10 minutes searching for a parking space- which could be a boring thing. There are17.5% of the interviewees spent more than 10 minutes in order to get a parking space and this usually does happen especially during the rush hours (between 5-8 pm) in peak season, for example, in weekends, school holidays and festive holidays when shopping complexes are full of people and it is truly hard to get a parking space.

shows the problem which is faced on forgetting the car location in big car parks. From the graph, there are10% of the interviewees who never forget where they have parked their cars. There are65% of interviewees who sometimes forget where they have parked their cars,20% of interviewees who usually forget their cars locations, and5% that always do not remember where the parked their cars. Nowadays, it is very common whereby people tend to forget where they have parked their cars especially in areas which have big parking compound. Therefore, with our new system, besides helping people to find parking spaces and without spinning around the car park, it also helps the drivers to reach their cars if they forget where they have parked their cars by displaying his car spot number on the small screen of the pay station machine while he/she is paying for the park fees.

shows the expectation of parking charges during weekdays after the implementation of this system. It can be seen that80% of the interviewees expect the parking charges to be less than RM2 for the first 3 hours during weekdays after the system is implemented. Besides that,15% of interviewees expect the parking charges to be around RM3-5 for the first 3 hours and5% of the interviewees expect the parking charges to be around RM6-8 for the first 3 hours during weekdays after the system is implemented. However, there werenone of the interviewees who expected the parking charges to be more than RM 8 for the first 3 hours, and that could be normal because more than RM8 will be considered as too expensive for just a parking space. Even though after the implementation of a new system which is very comfortable, most people will still prefer the parking charges to be as cheap as possible.

shows the problems of finding a car space in a big car park due to the poor management of that park. From the graph, it can be gathered that25% of the interviewees strongly agreed that the problems of finding a car space is due to poor management of the park where else52.5% of the interviewees agreed on this matter. Absolutely not,17.5% of the interviewees disagreed that the problems of finding a car space is due to poor management of the park as well as5% of interviewees strongly disagreed. Therefore, it can be seen that the total agreed offset the total disagreed. Finally and as we can see, the management of the big car parks should be improved, and that can be done by setting up such new systems which will manage the whole park in a high technical work, therefore, it will make the car parking process much easier for the drivers as well as for the park management office.

shows the percentage of interviewees who are willing to pay more for the new system. From the graph, it can be gathered that5% of the interviewees strongly agreed to pay more for the new system after the system is implemented. There were32.5% of interviewees agreed to pay more for the new system. On the other hand, there were37.5% of interviewees disagreed and25% of the interviewees strongly disagreed to pay more for the new system after it is being implemented. As a result, the total disagreed outweighed the total agreed. Finally, if the owners of the big car parks want to implement this new system, they should consider the cost of parking that is going to be charged , so they will not have any problems after implementing it.

shows how useful and successful in managing the new car park system is. There were25% of the interviewees strongly agreed that the new car park system will be useful and successful in the future where else65% of the interviewees agreed that with the implementation of the new car park system it will be useful and successful. On the other hand, there were7.5% of the interviewees disagreed and another2.5% of the interviewees strongly disagreed that the new car park system would be useful and successful in the future. From the graph, it can be seen that the total agreed outweighed the total disagreed. Indeed, this new car park system would be useful and successful in the future since it provides a lot of conveniences for the drivers.

shows the implementation of the new system in Sunway College. According to the survey,62.5% of interviewees thought that if Sunway College implemented this new parking system, it would be much more convenient when students are looking for parking spaces.12.5% of interviewees thought that it is too costly to implement such new parking system in Sunway College.2.5% of interviewees thought that it would be unworkable if this system is implemented in Sunway College because by implementing this new system, Sunway College will need additional compound, whereby, Sunway College is already facing limitations of compounds. On the other hand, there were25% of interviewees have no comment on this issue. Finally, if Sunway University College wants to implement this new system, it should consider the costs of new parking system and also extend the car park area.
6. Conclusion
To sum it up, most of the responses of our survey were positive. As we can see, 70% of the interviewees had problems with parking their cars. 52.5% of the interviewees left their intended destinations because the could not find any available space for their cars. Furthermore, another 52.5% of the people who were surveyed said that car parking's problem is because of the poor management of the car parks. For our new system, we can say that 72.5% of the interviewees had seen the car park system in Sunway Pyramid and 70% of them had positive feedback for that system. 65% of the interviewees mentioned that this new system would be convenient and successful in the future. On the other hand, 37% of the interviewees were not willing to pay more if this system is implemented, and also 80% expected the cost of parking after implemented this system would be less than RM 2 for the first three hours. As a result, we can learn from this survey that this new system will be successful and convenient since it has many conveniences for the drivers which most of the normal car parks do not provide such as reserving a car space as soon as you enter the car park and guiding you to your car location if you forget where you car is. However, we should consider this system costs by trying to reduce the hardware equipments to minimum, so we will not face any problems when implementing it.
7.0Recommendation
With our new system, car parking process is going to be much easier than the process of the traditional car parks, and even better than the other car parks systems which are also based on WSN. This is because of the high technical features that our system has. As a result, we strongly recommend this system to be developed in the big car parks as it will solve the parking problem that a lot of people face.

In order to develop this system, you should know how it works step-by-step; the following explains that.
7.1 How our system works:
When the system is running, all sensor nodes form a tree (or mesh, cluster, etc.) topology for data gathering. The monitoring nodes check the availability of each parking space and transmit the report messages to the gateway hop by hop. The gateway collects the report messages and delivers them to the management station, and then user can get the visual status information of the whole parking lot on LEDs displays. The management station calculates the guiding information for each displaying and monitoring nodes and sends the guiding messages to them through the gateway. The displaying and the monitoring nodes will receive the messages and display the guiding indication on the attached LEDs displays .

The entrance and exit of the parking lot in this system are similar to the traditional ones. A displaying screen at the entrance tells the number of remaining idle parking spaces. When a new driver collects his/her sensor card (ticket) from the entrance machine, that machine will send the card ID to the nearest sensor node and finally to the management station which will allocate a free car space to this ticket and immediately send the car park space's number (eg.floor2/space 13) to the big display on the entrance and send a guiding information to the park space's LEDs display which is (“reserved” with a red light indicator) so the driver can go to his/her reserved space .

There is one of two scenarios that is going to happen which are : first, if another driver did not want his reserved location (because it is far and he just saw a space, with red light, on his/her way) and decided to park his/her car in another one which is not reserved for him/her, an alarm will be start depending on the information being sensed form his ticket when he parked (wrong card sensor ID) so, he can either go to his own space or to a free on (any one marked free/ not reserved with a green light). If the driver went to his space his ticket ID will be send to the management station so it can be matched with his/her park space sensor ID and saved in a database so it can be removed when he/she goes out. If the driver went to another free space(with green light) the same process will be happen except that his/her old space will be marked free(green light) and the new one's ID will be saved, instead.

The second scenario is the normal one when the driver goes to his/her own park space or he decided to change his one and in both ways the same process above will happen.

Every time the monitoring node monitored a new event (free space or filled), it will send a report message to the gateway. Other nodes on its way to the gateway would forward the message as soon as possible. After receiving the report, the gateway would notify the management station of the change. Consequently, the management station would re-calculate the guiding information and send it to the proper nodes in order to display it on their displays.

If there are no more free spaces, the management station will inform the nods of that information so they can show FULL on their attached displays . On the other hand, they will display the number of free park spaces and directions for the driver to reach them (if there are no new drivers enter the park, of course).

Finally, when the driver pays the parking cost at the parking machine, that machine will also be connected to the management station, so when he/she inserts the parking ticket, that machine will match his serial ticket with the serial of the sensor, as a result, it will display on its screen the instructions in order to find his car location.
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APPENDIX 23
