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Section I:  Abstract 
 

The Image Tracking System, ITS, provides an overall solution for those who 

wish to gain a competitive edge in the field of athletics through the use of image analysis 

and statistical recording.  The ITS system is a multifaceted product which utilizes 

Digital Imaging Capture Technology, together with an integrated hardware and software 

package, to create a single source solution by which athletic programs can review overall 

team and player performance, and gain a valuable competitive edge.  The ITS system 

gives users the ability to “tag” live digital video, which is being recorded, so that it can 

later be played back according to specific user queries, such as playback of recorded 

video sorted by “play type” or “player number.”   This system also gives users the power 

to enter statistical information about plays during a game and have the recorded digital 

video clip sequences linked to this data.  Currently no other product on the market gives 

the user both the power to input game and player statistics while having these statistics 

linked to recorded video images.    

Our design team has the task of researching the various products that are currently 

available on the market, evaluating how well they perform, and deciding whether the 

existing products can be modified to incorporate video playback or whether an entirely 

new software package will need to be created.  Our team will need to develop a complex 

software component that can record statistics, record digital video time references, and 

allow the user to sort and playback video sequences.  This software will require 
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customization to meet the needs of each individual sport so its overall construction 

should allow for a “module” like interface that provides a simple means of 

accommodating multiple sporting activities. 

The goal of our Senior Design Team is to have a design created for a fully 

functional ITS system, and have at least an ITS module implemented for the Stevens’ 

Volleyball Athletic Program by conclusion of this project.  We feel this project has the 

potential to be a highly profitable and marketable system with uses that stem far beyond 

athletic programs. 
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Section II:  Project Proposal Plan 
 Business/Project Plan General Information 
 
Project Definition:    
 

The ITS project is a both hardware and software design that uses Digital Image 

Capture technology and links it to a statistical database.  This product will be used during 

athletic events to “tag” images for later playback, and link these “tagged” images to vital 

game and player statistics.  The actual product will consist of a software program that 

will be designed to run in a PC environment on a Windows operating system.  This 

software will take input from a Digital Video Source that is connected to the PC, and 

upon the users input, will “tag” frames of the video that is being recorded and associate to 

these frames statistics that are input by the statistician.   

  

Project Innovations: 
 

Currently there is available in the market place various software applications that 

can be used to keep athletic event statistics.  These packages are very well suited to the 

needs of each specific sport, but they are not capable of being interchanged between 

sports.   These packages also lack the ability to interface with digital video and do not 

provide a means for the user to “tag” valuable information to this recorded video.  Our 

product, the ITS system will bring together the idea of image recording and statistical 

analyses.   Our product will be capable of handling statistical sport data and image 
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“tagging.”  Also, through the use of a modular implementation scheme our product will 

be able to handle multiple athletics sports through the use of add on packages which 

integrate with the more software component to give the end user greater flexibility.   

 

Project Marketability & Demand: 

 
Through indirect studies conducted of athletic program coaches and directors we 

found that there is a high demand for a product like the ITS system.  A program such as 

ours provides athletic teams the chance to gain a competitive advantage through the use 

of modern technology.  Game analysis, through the use of statistics and video playback, 

provides a means for coaches and players to improve personal techniques and game 

strategies.   With such a high demand for the ITS system, and lack of competitor 

products that can match the system capabilities, we anticipate an eighty percent sales 

ratio for college athletic departments, and a fifty percent sales ration for high school level 

(intramural) athletic programs.   Of those who purchase the core software component we 

expect an average of 3 additional sport packages to be sold with each system to further 

customize the software to the specific game and user needs.   

 

Project R&D and Implementation: 

 
This project will require a great deal of research both of current statistical 

recording products on the market, and study of both intramural and college game 

regulations for sporting events.  Our group must first evaluate all products that are 
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currently on the market, and match or exceed the current capability of those products in 

terms of statistical recording and analysis.  We must then design a statistical core piece of 

software that is capable of recording statistical data in a fast and efficient matter, and then 

be able to have the user easily retrieve this data.  This core piece of software also must 

have a means of integrating a digital recorded video sequence with the statistical for later 

playback.  Our knowledge and study of sporting rules and regulations will then be 

essential for assembling the add-on packages with will be sport specific, and will create 

the customized environment required for superior usability.  

 
 

Section II:  Project Final Plan 
 Section II-1: Introduction 

The objective of the ITS project is to create a software package that can be used 

by the Stevens volleyball athletic department to review various plays digitally and in real 

time. This additionally involves the tracking of every significant statistic that occurs 

during the game and who performs it. The coaching staff is currently using a DOS based 

solution that only does the statistic tracking. Obviously the current software lacks the 

video functionality that is desired. Let’s take a more detailed look at the current situation: 

(See Figure 1.1 for diagram) 

The current statistician’s setup consists of a 2-3 year old Compaq laptop, the Data 

Volley DOS software package, and an analog VHS camcorder that is used to record each 

volleyball match. This equipment configuration requires at all times one or two people.  
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When there are two people, one person calls the codes out loud that must be entered into 

the software, while the other person simply types them in. When there is one person 

doing the work, he or she watches the game and simultaneously enters the required key 

codes. The latter setup requires that this person be experienced with the software and has 

the keyboard layout memorized. After the match is over, the volleyball coach uses the 

VHS tape to review and analyze player performance during the match (with the 

respective players watching with the coach). The coach fast-forwards or rewinds to the 

desired points in the match. 

 

      Figure 1.1 - Current Configuration 

 

Now that we know what the current situation is, let us take a look at the problem 

with the current setup that must be addressed. The player analysis that occurs after the 

match is flawed. Let’s imagine for a second that only one player during the game 

Volleyball game in progress 

VHS camcorder 
recording match 

Old laptop running Data 
Volley for DOS 

Current Equipment 
Configuration 
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performed poorly. The coach would have to fast-forward through the entire match, and 

stop at the specific points where the problem player performs. This is where a digital 

video solution would be more practical. When using digital video, you have the ability to 

seek to a precise point in time, thus eliminating the wait time that is incurred when fast-

forwarding or rewinding through an analog tape. This leads up to our next problem. 

An additional problem is matching the times where the moves occur to the times 

where they occur in the video file. Keep in mind this problem has nothing to do with 

current setup, but is a problem solely created by the introduction of the digital video 

component of the project.  

When it comes to the statistics tracking process that takes place during the game 

itself, the group is aiming to keep it the same, or as close as possible to the current 

method. This would minimize the transition time that will be required when the new 

system replaces the old. New key codes will probably be added to signify newly created 

video starting points. 

Now that the problems have been outlined, a new setup can be described. As 

stated before, the statistician’s role will be almost unchanged, so there will continue to be 

one or two people handling the entering and calling of key codes. The statisticians will be 

using a brand new Compaq laptop (with enough processing power to capture and edit 

video) that will be supplied by the school. Replacing the old VHS camcorder will be a 

Sony digital video camera (also provided by the school), which will be connected in 

some way to the new laptop (most likely through Firewire). After the match is over, the 

coach can go to the laptop, select a player, and then select a certain move that happened 
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during the game, and the corresponding video sequence will be displayed. (see figure 1.2 

for schematic) 

 

 

 

 

Figure 1.2 – Proposed Configuration 

 

Presently, the software that handles all the statistics entry and video capture is 

being written in Visual Basic. Depending on what direction the group wants to take this, 

we can expand by using C++ and linking it to the Visual Basic code using COM objects. 

There is only one commercial product out there that claims to perform the same 

functions that the project is aiming for. One is Data Video System Volleyball, which is 

produced by Data Project Sport, the same company that produced the original DOS 

Volleyball game in progress 
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software that the volleyball staff currently uses. Their product is detailed here: 

http://www.dataprojectsport.com/english/Volleyball/DVSW.htm. 

 

Section II-2: Design Requirements 

Now the specifics of the project will be outlined. The digital camcorder that will 

be used in this project is capable of recording video in MPEG-1 format. This format is 

suitable for the following reasons: 

•  It is a widely used standard. 

•  Decoding performance on a modern PC is extremely good. 

•  Encoding performance on a modern PC is also exceptional. 

•  It is easily converted into other formats. 

The resolution that will be used is 352 x 240 pixels, which is roughly VHS quality. 

If desired, this can be changed to accommodate a higher quality setting. The MPEG bit 

rate will be 1,150,000 bits/sec which is VCD compliant (possibly useful if the match is to 

be recorded and stored on a CD-ROM). These numbers have been calculated to fit within 

Firewire’s bandwidth and speed limitations. 

The current plan is to have the key codes and their corresponding times recorded 

into a text file. After the game, the program will call up the text file and collate the 

information. The application will then have set of pull-down menus; one containing 

player names, the other with the player’s moves. When a choice is made in both menus, a 

video sequence is shown in the application window. 

 

http://www.dataprojectsport.com/english/Volleyball/DVSW.htm
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Section II:  Project Proposal Plan 
 Section II-3: Design Approaches 

 

Our design project is mostly software oriented.  Therefore we must employ 

standard software design procedures.  The only catch to this is we are also incorporating a 

hardware factor, the camera, into our project.  In adding the hardware we have to change 

our design schematics appropriately. We have come up with two methods on how to 

incorporate the camera into our software. And from that, we have two other methods for 

designing the software itself.    

 Our basic design problem stem from the idea of what do about the camera feed 

and the software. We have two schemes that may help us with the project.  Both of these 

methods have their advantages and their drawbacks. Careful considerations must be given 

to both in order to provide for maximum result.  

 The first technique deals with having the software and camera communicate in 

real time.  This means basically while the athletic event is being taped, the software will 

work in conjunction with the hardware. Meaning as the footage comes in, the software 

will take special header information that is contained in the footage.  Header information 

such as the time and frame number can be then used in tandem with the keystrokes 

inputted by the user. The software will then take the inputted keystrokes and create an 

output file that will have the play and the time the play was committed according to the 
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header information given by the camera.  Also, the software will generate a set of 

statistics based on the plays.  

 The main advantage with the first system is that the results will be available as 

soon as the game is finished. This method gives us the advantage of speed by having the 

software run simultaneously with the hardware.  Also, less user intervention is required 

thus making it an automatic process.  The only user interferences required is the inputting 

of the keystrokes, which is something already done in the present situation. This method 

is also one that is most desired by our Sponsors. Making it more of a favorable choice 

than others.  

 The disadvantage with the second system is the difficulty involved. It is extremely 

laborious and complex to have the software run with the hardware.  The main reason is 

that communications between the too will not be easy because of the specialized drivers 

that is imbedded with the hardware.  Trying to use and communicate with these drivers 

may prove difficult because our group has a lack of experience when it comes to using 

API’s.  Moreover, there is a strong possibility that the camera does not have an API, 

meaning that we would need to communicate with drivers directly.  Extracting the actual 

header information might be something of a challenge as well. In some cases we can pull 

it out very easily, but in other cases it will be difficult because of the coding standards. If 

the coding standard for our camera is MPEG2, then it won’t be much of a problem. But if 

the coding standard is the older and outdated MPEG1, that will be a problem.  MPEG1 

which is older is less flexible and more volatile then MPEG2.  

11
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 The second technique is to have the hardware and software run sequentially. First 

the camera will run and record the footage. Then the software will execute, applying all 

of the functions onto the footage. Essentially, the end user will have to go back to and 

edit the footage using the program.  The user will watch the footage after the game, when 

they see a play occur, they will hit the appropriate keystrokes.  Thus the program will 

create the output based on the keystrokes which are applied after the game instead of 

during. The statistics will be derived from the keystrokes as well, but in a much later 

fashion.  

 The main advantage to the second system, is that it is easier to program.  We do 

not have to worry about having the camera in sync with the software. Since it is 

sequential, we would just have to work on one part at a time.  We can easily tape the 

match, and then have the software execute on the footage.  Also this method is less error 

prone to the user. During a volleyball game, the matches can become very intense. 

Therefore, at times the user may not have to enter the keystrokes and keep up with the 

game.  This method allows the user to take his time entering the keystrokes thus making 

it less prone to error by human accounts.   

 The disadvantages of the second system are the lack of automation and the 

increase in time for a result to be produced.  The lack of automation comes in to play 

because the user must go in after the match with the software and manually edit the 

footage rather than having the software do it. This becomes time consuming for the 

person who has to watch the game twice. Also the time to create the final result will take 

longer.  Since the user has to wait for the end of the match to edit the footage, the results 

12
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will not be instantaneous as would have been in the previous method.  Rather, the user 

would have to wait until they review the footage once again and then apply the 

appropriate key storks.  This method is less favored by our Sponsors.  

 Now that we have isolated the design issues regarding the hardware/software 

relationship, we can now analyze the design constraint of the software itself.  There are 

two methods we can create the software according to modern engineering methods. The 

first on is a Top-Down design, the other is a Bottom-Up design.  

 The Top-Down design let us in principle, postpone the detailed considerations. We 

merely right the basic main program, calling on functions and data structures that have 

not been defined yet. The advantage of this is that we can divide the work evenly among 

functions and classes, and add more as we see fit. We don’t tell exactly how the program 

will run but give a general idea, and later on fill in the details. Something that is 

employed when you go into a project not knowing about the end results. The 

disadvantage to this design is that we would not know exactly how to divide the work 

into classes and functions and sometimes a decisions once made must later be modified, 

which causes a massive overhaul.  

The Bottom-Up design lets us work on the specifics, and from there we can 

construct a larger program. Uses the various classes and functions that we define initially; 

we can then construct the program. This method offers greater flexibility and multiple 

uses of the same classes and functions. The drawback to this is that we much know the 

exact specific of the program we are creating. But we still need to correct errors relatively 

easy.  

13
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 Now that we have isolated the various design issues, we should discuss our 

group’s method for deciding which one is the best.  Our main concern is how our 

Sponsor would like the end results to be. Because of this, their critique will heavily bias 

the design decision we will make.  Depending on how they want to implement the end 

user interaction, we will have to decide amongst the various hardware/software schemes 

that we have come up with.   When it comes to the actual software itself, that design issue 

will come up once we have done the appropriate research. We will decide once we have 

received all of ours Sponsors requirements and then look at the feasibility through current 

technologies. 

II-3 System Design 
  

After countless considerations and discussions, we have chosen to implements a 

design that satisfies today’s needs as well as being capable of providing the most robust 

options for future development. We have broken the development down into 3 parts, 

MPEG encoding, Hardware/Software Integration, Software development. 

MPEG encoding: 

 In order for our project to successfully fulfill user requirements and further 

development, we need to encode the incoming video steam. The encoding method of 

choice will be the family standards formed by the Moving Picture Experts Group, commonly 

known as MPEG. We will primarily using the MPEG-1 standard. Further investigation 

into the technical requirements of our design, reveals we need “real-time” MPEG 
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encoding. To accomplish that, we have elected to use a commercially available product 

called Windvr. Windvr provides the resources necessary to encode streaming video into 

MPEG-1. We choice Windvr based on several factors. Since most available products had 

a similar cost, we were free to “shop” for amenities. Windvr has everything we need and 

want in a solution. It provides for complete integration and development, come with 

countless good reviews, and a reputable vendor.  

Hardware/Software Integration: 
  

 One of the key aspects to our project is the physical integration of streaming 

video, from a digital camera, and software running on a laptop computer. One of the 

constraints of the project is the fact that the existing software provides more then 

sufficient functions for the users. They would like to preserve the use of that software.  

Our current plan will be integrate that product into ours. We will use the output of the 

existing product, combined with the video to provide video linked with the plays. When a 

player’s play is recorded via the software, we will “stamp” the time of the video into a 

database. When a match is over, a user will simply choose a player, pick a play and a 

segment of video will play that corresponds to that player and play. One of major 

obstacles, besides integration, will be reaction time/human error. The play can be over 

and a new one started before the user has keyed any information in. Therefore, we will 

also be allowing for manual addition, subtractions, and edits of video clips. We will also 

need to delay the time stamp by a pre-determined amount of time that will help minimize 

errors and the need to manually review anything. 
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Software development: 

Many questions why software development has come so late in the discussion of 

the project, the reality is that development of any software is minimal. Our project is 

based on integration, leaving the development of software to a minimum. Our software 

development is left to code that will integrate the afore mentioned. The existing software 

is dos-based (but running in Windows); our product needs to run on a Windows platform. 

Our software development will focus on being able to use the existing product’s output 

and adding time stamp information.  

 Additionally, we will need to build a new User Interface (UI) to bundle 

everything into. The new UI will also provide the ability to playback the video, as well as 

select plays or players to watch. The UI will be built and developed in a Visual Basic 

environment. VB provides a suitable development for integrating multimedia (Windvr), 

dos, and windows. Time permitting; we may be also able to include functions to output 

the video to the web, or burn onto a CD.  

Testing: 

 As with any good design, testing is key to its successful deployment and 

acceptance. Our product can only be successfully tested in real-time, at a volleyball 

game. Due to differences in the pace of a Men’s versus a Women’s game, we will need to 

test each one. We may find that technology created to reduce errors, may in fact differ 

from one sex to the other. Since we wish to design an overall product, we would need to 

decide on what would work best for both cases, while still minimizing errors. Future 
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release could include controls that would allow you to select Women’s VB or Men’s VB 

that would use different code. That functionality will not be discussed here.   

 Initial testing will be done by using any video stream to be sure that when a 

keystroke is initiated, a “stamp” is made to that segment of video. After a series of 

“stamps” are made we will call them up and verify that the playback is at the correct spot. 

We will later incorporate achieved video from old volleyball game to simulate a 

volleyball match. We can then get a good idea of what it would be like for a user to use 

the system. We can then add any user acceptance features that may be helpful. Our goal 

is to minimize any difference between the current system and our product. 
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Section II-4: Financial Budget  
 

Business Model: 

Our business model would be similar to that of any other software developer. We would design, 

test, and manufacture our product. We would then sell support and make available additional 

enhancements.  

Engineering Design�Testing�Cost Estimation�Manufacturing�Distribution/Fulfillment 

Cost Estimation: 

Some of the positive economics of our project include a low manufacturing cost and high 

retail value resulting in an anticipated gross margin exceeding 75 %. Using these basic building 

blocks, we can now develop a strong business model. This will be instrumental in obtaining 

capital venture.  (See Table 1-3 below for cost and profit estimation table) 

Benefit Estimation: 

We have begun to look at the potential marketing of our product. Within our research, we 

were able to identify a customer base.  This customer base will mostly consist of high school and 

college sports team, with a smaller percentage consisting of specialized commercial and 

educational applications.   

Competitive Analysis: 

We believe our product will have a significant advantage over the current products. One 

it will have and on and offline method of tagging digital video. Two, the product will have the 

ability to sort and file tagged sessions. Three, it will use enhanced GUI features that will make 

the product extremely easy to use and more intuitive.  

 

In our project, will be using SEED to check and evaluate the economics. All decisions about 

financial leveraging, retail price, Break Even Analysis, and the possible need to Venture 

Funding, will be determined using SEED – See Appendix A for SEED model 
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Cost Center Est. Cost 

Labor costs $1,000.00 

Materials and parts $   600.00 

Test equipment $   100.00 

Documentation costs $     75.00 

Support staff $   500.00 

Overhead $   100.00 

Profit $5,000.00 

  

Net $2,625.00 
 

Figure 1-3 – Cost Estimation Table 

 

Section II:  Project Proposal Plan 
Section II-5: Schedule 
Please refer to Gantt chart – Appendix B.   

 

This Gantt chart reflects our teams project goals and target dates to reach them.  It 

also lists the responsible team members, and can be used to easily track and monitor the 

group’s progress. 

If any problems are encountered where due dates can not be meet the chart will be 

updated and necessary changes will be made as to keep the project moving, and have all goals 

met in the most timely fashion possible. 
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Section III:  Conclusion 
  

The ITS Projects hopes to create an overall solution for those who wish to gain a 

competitive edge in the field of athletics through the use of image analysis and statistical 

recording.  The ITS project will utilize Digital Imaging Capture Technology and an 

integrated hardware and software package, to give users the ability to “tag” live digital 

video, which is being recorded, so that it can later be played back according to specific 

user queries, such as playback of recorded video sorted by “play type” or “player 

number.”   This system will also give users the power to enter statistical information 

about plays during a game and have the recorded digital video clip sequences linked to 

this data.   

Through the engineering research, design, and implementation approach that is 

defined in the contents of this report we hope to have a design created for a fully 

functional ITS system, and have at least an ITS module implemented for the Stevens’ 

Volleyball Athletic Program by conclusion of this project.  We feel that our group has the 

skill and capability to execute this project to its needed extent as long as we hit our 

deadlines and experience no foreseen setbacks.  If an unexpected setback does occur our 

group will do its best to recoup any lost time and may need to adjust our long-term goals 

accordingly.   In such a case we may need to drastically increase the research, 

development, and design stage of the project and leave the implementation to be 

17
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conducted at a later time.  Our current largest setback is the level of programming ability 

that is contained in the group, and the lack of a computer science team member.   

We firmly believe that the prototype that we can produce is worthwhile of large-

scale development and deployment. From a technical standpoint, we have thoroughly 

researched the technology and development. All information presented here is based on 

research obtained from meetings with our technical advisor, and specifications from the 

manufacturers’ websites. From a user’s standpoint, many coaches, athletes, and sports 

professionals have expressed a great interest in a product like this. Many feel that it 

becomes a great coaching tool to be able to show a player exactly where he is lacking, 

without having to fast forward and rewind through hours of video tape. With that said, we 

not move on to our prototype development phase.  
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