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Introduction (Ken Dixon)
This paper provides information about the Parking Administration Systems (PAS).  PAS is a system consisting of hardware and software components that allow parking administrators of large businesses and colleges to proactively monitor their parking lots by the use of decals containing RFID - a radio frequency identification chip that contains a unique numeric identifier.  Some business and college parking services currently lack an efficient online system for decal management as well as lot volume indication and prediction.  PAS will be capable of capturing and processing garage usage patterns of client-customers throughout each year.  PAS will provide dynamic information to the client’s customers.  The client-customer will be able to find available parking spots easier due to visible indicators signifying whether a lot is full, and what low-capacity lots are available.  PAS will have a user friendly Web-interface with administrative and client-customer capabilities.    

PAS will be designed and developed as an initial prototype.  The prototype will demonstrate the functionality of the overall system by utilizing computer components and customizable software.  All components that make up the overall design of PAS will be mainly simulated, which will reduce the expenses associated with the design and development of the prototype, and simplifies the component interactions.  

The contents of this document will explain the technical approach for the capabilities of the PAS prototype, and the steps to transition the prototype into a “first-article” product.  The primary costs to transition the prototype, the commercialization strategies and the associated schedules will be explained in detail in the proceeding sections.

Technical Approach

Prototype Capabilities (James Morris)
The diagram in the figure below shows the functional components that will be demonstrated in the P.A.S. prototype.  Some components will be simulated and others will be using actual hardware.  A brief description of each element involved in the prototype is described below.
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Figure 1: Prototype Major Component Diagram

· RFID technology: The RFID tags and scanner will be simulated using software.  The software will create a unique random number to represent the RFID tag ID.  The RFID tag ID will be checked against a database to see if it is valid or invalid, which will simulate the RFID scanning process.

· Car Counter System: The counter will be simulated through software.  Car entities will be created dynamically in the software.  Each car entity will act as if it is passing over a car counter sensor by using a flag – a method of determining if something is true or false.  If the flag is set to true, the car counter is incremented or decremented based on whether the car is passing over the entrance or exit car counter sensor.  The flag is set to false when no car is tripping the car counter sensor.

· Customizable Software: The software controlling the P.A.S. prototype will be fully customizable.  Additional parking garages and client-customer information can be added, deleted, and edited as needed.  Component errors within a garage will be easily identified.  Dynamic parking alerts will be displayed in the simulation of the P.A.S. prototype to detect invalid car entities.  The ability for RFID scanning to be turned on or off will be controlled through the software for all parking garages.

· Full-Display Indicator Boards: The display board will be shown on a computer screen to indicate the capacity of the lot.  The display will not use color indicators.  A numeric percent will be used to represent the capacity level.

· Databases: P.A.S. will have two databases.  

1) The first database will consist of vehicle information for each of the generic client-customers.  Each database entry will have information about each client-customer.  The information would consist of an RFID tag, a Unique Identification Number (student/employee id), client-customer name and address, class – employee or student, salary (employee only), tag expiration date, and type – day, evening, or resident.  Each RFID tag will have associated vehicle information consisting of a license plate number, the make, model and year.  

2) The second database will be used to store historical data collected as the system monitors each parking garage and lot capacity.

Database Tables:

· TAG Table: This table has information on every RFID tag in the system, where it is valid, when it expires and who is the owner of the tag, Client ID. 
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Table 1: Tag Database Table

· Client Table: This table contains all the data on the faculty and students that use the RFID parking passes. External ID is a number issued by the database and will not be able to be manipulated by the Client or administrator. 
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Table 2: Client Database Table

· Car Table: This table contains data on each car in the database 
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Table 3: Car Database Table

· Facility Table: This table shows a list of garages or parking areas, facility, in the system and their current and max capacity.  The table also contains the remote IP of the client server placed in each facility 
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Table 4: Facility Database Table

· Category Table: This table contains information on categories or valid areas. An example would be commuter lots, resident lots, faculty only, etc… 
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Table 5: Category Database Table

· Facility Category Table: This table will contain a list of garages and who can park in them, category ID.  The combination of Garage ID and Category ID is a unique composite key.  A garage ID can be used multiple times as long a Category ID is not repeated with that garage. 
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Table 6: Facility Database Table

· Historical Data Table: This will be the largest table in the database with a maximum number of 175,200 entries per garage. An entry for every 15 minutes for 5 years.
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Table 7: Historical Timestamp Database Table

· CCR Table: This table will contain a list of which car belongs to what RFID tag.  The reason for this is to allow multiple cars attached to one RFID tag. The Car information ID and RFID act as a composite key. 
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Table 8: Car-Client-RFID Database Table

Important Components of the Prototype

· Remote Computer Systems: The remote computer system will be represented by using a laptop.  The laptop will be networked with another laptop representing the main server.  Alternate garages added to the simulated P.A.S. prototype will be added in the laptop containing other parking garage setups.

· Main Server: The main server will be represented by using a laptop.  The main server will be connected to generic databases housed on a Computer Science Department Unix machine via a network connection.  The web-interface will also be controlled by the main server.  Historical data collected from the remote computer system will be uploaded into a database containing historical data.  Garage capacity information, client-customer information, and invalid signals will be retrieved from the remote computer system.  Client-customer and garage information can be added, edited, or deleted.  

· Online Decal Renewals: The web-interface will allow existing decals to be renewed.

· Online Historical Data: Parking garage and lot capacity information will be provided online via the web-interface.  Client-customers can more easily select parking garages or lots that have less congestion due to the historical data collected.

· Web-interface: A web page that allows existing decals to be renewed.  Historical patterns will also be available to help locate parking garages or lots that have lower capacity levels.  Any other necessary information can be added to inform client-customers of various things, if needed.
Proposed Activities for prototype transition to product (Michael Leming)

There are many tasks to be performed to transition from the PAS prototype to the final PAS product.  These tasks are outlined below.

· Purchase Facility Hardware

The hardware required for the individual facilities are the RFID readers/scanners and the pressure hose counters.  While procuring the hardware will not be difficult, the interface between the hardware and the PAS lot computer software will need to be written.  This interface will be written for specific hardware brands and models only.  Limiting the brand and model of the hardware tools which PAS supports will provide greater control over the operability and stability of the final product.

· Add Security Features

The prototype is not equipped for real world operation because it assumes certain controls provided by the prototype environment.  In specific, the prototype is built on the assumption that security is a non-issue.  In developing the final PAS product, security measures will need to be added to the software.  The software will require the ability to authenticate between the remote lot computers and the central PAS server.  It will also require additional security measures regarding payment authentication during decal renewal.

· Select Payment Company

The final PAS product will not process any form of payment on its own.  For reasons of security, liability and cost all payments for decal renewal will be handled by a third party. This third party must be selected.  In addition, the interface between the PAS website and the payment company must be selected and coded.  This interface will likely require secure communication such as that provided by HTTPS (Secure Hypertext Transfer Protocol).

Identify Key Personnel (Ken Dixon)
	Title
	Quantity

	Project Manager
	1

	Database Analyst
	1

	Webmaster
	1

	Software Engineer 1
	2

	Technical Writer
	1

	Network Engineer
	1

	Data Entry Clerk
	1

	Financial Manager
	1


Table 9: Personnel List

· Project Manager: Creates and executes project work plans and revises as appropriate to meet changing needs and requirements.  Identifies resources needed and assigns individual responsibilities.  Manages day-to-day operational aspects of a project and scope.  Reviews deliverables prepared by team before passing to client.  Effectively applies our methodology and enforces project standards.  Prepares for engaging reviews and quality assurance procedures.  Minimizes our exposure and risk on project.  Ensures project documents are complete, current, and stored appropriately.  Tracks and reports team hours and expenses on a weekly basis.  Manages project budget.  Determines appropriate revenue recognition, ensures timely and accurate invoicing, and monitors receivables for project.  Follows up with clients, when necessary, regarding unpaid invoices.  Analyzes project profitability, revenue, margins, bill rates and utilization. 
· Database Analyst:  Oversees the technical design, development and maintenance of databases and master files on large complex projects.  Maintains database dictionaries, ensures database performance and resolves problems.  Coordinates with other IS departments to ensure implementation and monitoring of databases.  Analyzes and projects long-range space requirements.
· Webmaster:  Designs and implements internal and external web pages and applications. Converts documents into HTML (Hypertext Markup Language) or other complex programming language.  Determines user's needs, strategies, and goals and develops web pages that meet those needs.
· Software Engineer 1:  Prepares specifications and programs of a highly technical or complex nature. Assists Systems Analyst with application or technical problems.  Uses technical knowledge in all areas of applications programming, system design, and update, storage, and retrieval methods.
· Technical Writer:  Composes written matter relating to instructions, policies, procedures, science, math, or engineering for use in external or internal company publications. Investigates and studies material used through examination of systems, diagrams, and interviews. Plans and produces contents of training guides.
· Network Engineer:  Assists in the development and maintenance of network communications. Monitors reliability of network infrastructure and operating systems on multiple platforms. Diagnoses and repairs problems.
· Data Entry Clerk:  Enters and verifies a variety of data in appropriate formats. Tracks and verifies quality of data entry from all sources. Resolves problems regarding the data.
· Financial Manager:  Plans and directs analysis of financial data. Provides assessment of existing and proposed financial plans and policies. Proposes changes to ensure organization achieves financial targets. Prepares balance sheets, profit and loss statements, and other financial reports. Analyses trends, costs, revenues, financial commitments, and obligations incurred to predict future revenues and expenses. Reports to management, and offers suggestions about resource utilization, tax strategies, and assumptions underlying budget forecasts.
Facilities and Equipment (Kyle Jackson/Michael Leming)
In order to complete the tasks to be performed, there are facilities and equipment that will be required. The group will continue to use the facilities presented by ODU. These facilities include office space and lab space. For testing of the final product the group will use 3 of the parking facilities located on the ODU campus. The equipment needed for completing the final product includes:

· Dell Poweredge Server: The server will be used to host the final product including the Web server, PHP software, and MySQL Databases.

· Three Dell Desktops: The Desktops will be configured for use as the thin-client computers located at the 3 selected parking facilities on the ODU campus.

· Four Dell Workstations: The workstations will be used by the development team to continue coding the procedures and interfaces of the final product, but will not be part of the final product themselves.
· Four Copies of Microsoft Office: Microsoft Office will be used by the development team to create all necessary documentation for the final product.
· Six RFID Scanners: The RFID Scanners will be placed at the parking facilities, assuming two per facility for each of the ones selected on the ODU campus.
· 12 RFID Antennae: The RFID Scanners will be placed above each entrance and exit to the parking facilities.
· 12 Hydraulic Car Counters: The hydraulic car counters will be placed at each entrance and exit to the parking facilities.
· Three LED Display Boards: The LED Display boards will be interfaced with the Dell Desktops, 1 per parking facility.
· Various Wiring: Wiring will be required to maintain connectivity between the facility computers and the server computer. This also includes wiring for the various pieces of hardware listed above.
Commercialization Strategy (Josh Lafountain/Michael Hall)

The Parking Administration System is most beneficial to universities and businesses that lack technological systems for monitoring and analyzing parking facilities. These places of operation are our primary market. However, any business or operation that has a need for specific portions of the PAS parking solution that we offer may benefit from our developed technologies as well. 

The need for advanced parking solutions is a large industry. At least $26 billion dollars comes directly from the American economy, of which $13 billion dollars is directly related to public parking solutions. The International Parking Institute estimates that there are at least 105 million parking spaces in the United States. Parking issues are most easily realized in inner-city areas, where room to build flat parking lots is at a premium. Advanced parking solutions of today, are going up. That is, cities are replacing their open-field parking lots into multi-level parking garages that support many more parking spaces. The PAS solution helps parking garage owners operate their garages with more control by providing them with valuable information that streamlines everyday garage maintenance and operation.

After our primary beta version is successfully constructed at Old Dominion University, we plan to gain more clients to use our services and product by multiple means. All year, there is a variety of Parking Trade shows and exhibitions across the nation. We would attend these conventions and advertise our system there. Once our client base is competitive with other solutions, it would be likely that clients would start coming directly to us for their needs. However we would continue to be active in much of the parking industry to stay up to future demands and requirement of our product.

Parkeon: Frequently Asked Questions about Parking

http://www.parking.org/Value/FAQ/Default.aspx
Schedule, Milestones, and Deliverables (Josh Lafountain)
Phase 2 of the PAS development is the phase during which the final product will be developed. This phase will last for 360 work days and will start on May 8, 2007. Phase 2 will be completed on July 8, 2010. The following list defines each of the major milestones in Phase 2: 

· Phase 0 Completion Date: December 18, 2006

· Phase 1 Completion Date: May 8, 2007

· Phase 2 Functional Requirements Expected Completion Date: July 9,2007

· Phase 2 Design Expected Completion:  April 14, 2009

· Phase 2 Development Expected Completion Date: March 17, 2010

· Phase 2 Testing Expected Completion Date: July 8, 2010

· Phase 2 Expected Completion Date: July 8, 2010

	Deliverable
	Delivery Date

	High Level Functional Requirements Document
	July 9,  2007

	Detailed Requirements Document
	July 19, 2007

	User Manual
	August 19, 2009

	Testing Results(Integration and System Tests)
	August 8, 2010

	PAS Software
	July 8, 2010


Table 10: Deliverables

Proposal Costs (Michael Hall)
For phase 2 development at Old Dominion University, our team plans to hire additional staff to develop the working product of the PAS. Below are the personnel costs for phase 2. A 40% overhead was added to the personnel costs for outstanding costs attributed. For more information about our personnel, see section 2.3.

	Phase 2 Personnel Costs

	Note: Standard year is assumed to be 255 days.

	Employee Type
	Days
	Annual Salary
	Employee Cost

	Project Manager
	510
	 $       68,000 
	 $       136,000 

	Database Analyst
	255
	 $       51,135 
	 $         51,135 

	Webmaster
	190
	 $       68,117 
	 $         50,754 

	Software Engineer 1
	382
	 $       53,941 
	 $         80,806 

	Software Engineer 2
	382
	 $       53,941 
	 $         80,806 

	Technical Writer
	100
	 $       43,124 
	 $         16,911 

	Network Engineer
	125
	 $       57,714 
	 $         28,291 

	Data Entry Clerk
	65
	 $       26,085 
	 $           6,649 

	Financial Manager
	40
	 $       90,704 
	 $         14,228 

	Testing Engineer
	125
	 $       95,606 
	 $         46,866 

	Total Salary
	 $       512,446 

	Employee Overhead (40% of salary)
	 $       204,978 

	Total Personal Cost
	 $       717,424 


Table 11: Phase 2 Personnel Costs

The equipment required to build the PAS for phase 2 will require the additional hardware resources listed in the table below. Phase 2 development will include all the equipment necessary to support the 3 parking facilities of Old Dominion University. 

	Phase 2 Resource Costs

	Resource
	Units
	Cost per Unit
	Total Cost

	Dell Poweredge Server
	1
	 $       1,200 
	 $   1,200 

	Dell Thin-Client Desktop
	3
	 $          750 
	 $   2,250 

	Dell Precision Workstation
	4
	 $       1,500 
	 $   6,000 

	Microsoft Office 2003 Professional
	4
	 $          500 
	 $   2,000 

	RFID Scanner
	6
	 $       1,600 
	 $   9,600 

	RFID Antenna
	12
	 $          170 
	 $   2,040 

	Hydraulic Car Counter
	12
	 $          310 
	 $   3,720 

	LED Display Board
	3
	 $          640 
	 $   1,920 

	Various Wiring (2% of Cost)
	 
	 $      575 

	Total Hard Resource Cost
	 
	 $ 29,305 


Table 12: Phase 2 Resource Costs


Below, the total budget for phase 2 PAS development is outlined by year. All resources will be purchased in the initial year of product development and no additional equipment is expected to be required.

	Phase 2 Totals

	Personnel Cost

	Year 1
	 $   256,223 

	Year 2
	 $   256,223 

	Employee Overhead (40% of salary)
	 $   204,978 

	Total Personnel Cost
	 $   717,424 

	Hard Resource Cost

	Year 1
	 $    29,305 

	Year 2
	 $             - 

	Total Hard Resource Cost
	 $    29,305 

	Total PAS Phase 2 Budget

	Personnel
	 $   717,424 

	Hard Resources
	 $    29,305 

	Total Budget
	 $   746,729 


Table 13: Phase 2 Budget Totals

Summary (Ken Dixon)
The Parking Administration System (PAS) will provide the customer with an efficient and user friendly method of managing their parking facilities.  Administrators of the parking facility will have the ability to control various lots and garages on their business or educational campus.  Client-customer information will be more easily managed and updated.  The real-time tracking of the capacity levels will provide the client-customer the ability to find available parking without wasting valuable time searching through large garages or lots.  The client-customer will know the capacity level before entering the parking facility, so they will know their chances of finding available parking.  


 Overall, PAS will allow parking administrators of large businesses and colleges to proactively monitor their parking lots more efficiently. Administrators of parking facilities using PAS will be able to provide their customers with the ability to renew/update their decals and track capacity levels of various parking facilities at specific times or ranges of time.
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