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ABSTRACT


Equally interesting to me were the ideas of manipulating real objects (more than just virtual objects and files) over the Internet, and designing a system that drew on many different disciplines within computer science.  This system required programs written in BASIC as well as HTML and Java.  Our devices communicated with each other over USB, Serial lines and the Internet.  I saw making these varied programs and protocols interact as a great opportunity to learn.

INTRODUCTION


The idea of remotely monitoring a place with a stationary camera over the Internet is not a particularly new or novel one.  However, being a more than just a passive observer is was new, to me anyway.  I wanted to be able to have some control over what I was watching, I wanted to be more than just a passive observer.  I wanted to be able to direct and reposition the camera that I was looking at the world through.  In this project we used USB connected cameras, servos, serial connections, Java, the Internet, Web browsers, etc., and made them all work together to create the Mobile WebCam.


The camera is mounted on a stand that allows it to move left/right and up/down. Each direction is controlled by a servo motor – that is one servo controls left/right (x-direction) movement and a second servo controls up/down (y-direction) movement. These servos take direction from a Basic Stamp Chip mounted on a small circuit board in the base of the camera. The Basic Stamp Chip is connected on one side to the servos and on another side to the host computer via serial line. So the host computer is in charge of sending signals over the serial line that indicate how user would like the camera aimed. The custom web server we built serves up the Mobile WebCam web site and any user can see what the camera sees by accessing this site.

IMPLEMENTATION 

When trying to understand the implementation of the Mobile WebCam it is easiest to think of it as two separate systems that together produce the desired result.  One system controls sending the image of what the camera is aimed at from the camera to the website.  The other system controls the positioning of the camera.  To describe how all of this works first we will talk about the images getting from the camera to the website.  Then, later, we’ll talk about controlling the positioning of the camera.  

A high-level block diagram is provided that describes how the images get from the camera to the web page, to see this please refer to Figure 1.  To begin, we start a software application called WebCam32 on the host computer.  An image originating at the camera is sent over a USB connection to the host computer, where WebCam32 is running.  WebCam32 saves a copy of that image to a file (picture.jpg, for example) every second.  So picture.jpg is updated every second with whatever the latest image to arrive over the USB connection was.  This is how images from the camera are saved to the host computer as a file.  Now we need to think about how the image is sent to the Mobile WebCam web site.  The way this gets done is a Java applet called JavaCam runs on the web page and it’s responsible for bringing the image to the web page.  You can see in this call to run JavaCam that the applet is given the path to where WebCam32 is saving the images sent in from the camera:

<APPLET code="JavaCam.class" width=640 height=480>





<PARAM name="url" value="http://128.221.65.165:8080/picture.jpg">





<PARAM name="interval" value="1">




</APPLET>

Once the applet begins to run, and is told where to find the file (picture.jpg, in this example) the applet gets that file every second and posts what it finds to the website.  Just to review, the image the camera sees is saved to a file on the host computer every second, and that file is read every second by the java applet (JavaCam), every second, and the image is presented to the user.  The result is the choppy video we see on the Mobile WebCam web site (that is being updated every second). 

The control path for images: 

1) An image of whatever the camera is aimed at is saved every second as a file (picture.jpg) by WebCam32 
2) An applet on the HTML page displays what it finds in picture.jpg and updates the web page from that file every second.

The WebCam32 application that we used was purchased from a company called Surveyor. You can visit their website at http://www.surveyor.com/. The JavaCam applet (JavaCam.java) we use was also provided by Surveyor, but JavaCam.java is freely downloadable 
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(from the Surveyor website). These two programs work together to provide the image you see on the Mobile WebCam website. Here is a more in depth look at how these two pieces of software work together: WebCam32 is started, is provided with a path and file name (to save images to), told how often to record what it sees (1 second in our case), and now WebCam32 records whatever the camera is looking at, once per second, indefinitely, to the path and file name you provided. The image is saved as a .jpg file. WebCam32 remembers its settings when it is shut down, so this set up procedure is only required once. There is no record of what the camera was seeing a few minutes ago, the only record is of what was seen 1 second ago. WebCam32 is very adjustable and you can configure how often it records an image to a file but 1 second is the smallest interval you can set it for. JavaCam is an applet that simply reads from a file every second and displays what it finds to a website. So while the Mobile WebCam is on, WebCam32 is saving an image of whatever the camera is aimed at every second (for example lets assume WebCam32 is saving the image to a file called picture.jpg), meanwhile the JavaCam applet is reading from that same file (picture.jpg) and posting what it finds to the website.

What has already been described is fine but viewing camera output over the Internet is not that unusual.  Being able to move the camera is where most of the work in this project was done.  A high-level block diagram is provided that describes the interaction necessary to move the camera from the web page, to see this please refer to Figure 2.  Moving the camera is accomplished by the user visiting the Mobile WebCam web site and inputting coordinates for the camera to be moved to. The coordinates are put into an HTML form and our web server has been customized to understand what to do with data the user inputs. The web server sees that data has been input and writes the data to the serial port. After the data leaves the host computers serial port its next stop is the Basic Stamp Chip that controls the servos that position the camera. The Basic Stamp Chip is running code that understands what to do with the data it receives and moves the servos accordingly. 

The control path for camera movement: 

1) The user inputs coordinates to the forms on the web page 
2) These coordinates are sent (in the form of a request) to the WebServer 
3) The WebServer understands that it has been told to reposition the webcam. 
4) The WebServer opens the serial line (connected to the Basic Stamp Chip), 
5) Parses the request (to get the coordinates) and writes the coordinates to COM1 
6) The Basic Stamp Chip gets the coordinates and moves the servos appropriately

Here is some more detail on how the Basic Stamp Chip processes input.  The Basic Stamp Chip acts as a type of relay, transforming its serial line input (from the host computer) into servo motor movements (that move the camera). The Basic stamp chip needs to be programmed to do this and we accomplish this by writing code and downloading it through a modified serial line onto the Basic Stamp Chip. The Basic Stamp Chip comes with an interpreter on it. What this means is that instead of going through the labor of programming the basic stamp in assembly language, an intermediate, BASIC-type language can be used instead. This makes programming the Basic Stamp much easier. Below I'll explain some of the code that runs on the Basic Stamp Chip: 
First we center the camera (both servos) on start up:

' set servo to center 
for servo = 0 to 3 
for x = 1 to 30 
pulsout servo,150 
pause 30 
next x 
write servo, 150 
next servo 

Then we wait for data to arrive on the serial line: 

serin 7,N2400,servo,pos,speed 
Notice that the serial line is set to 2400 baud! 

Once we get a new position for one of the servos we read the current position for that servo: 

read servo, lastpos 

If the position is out of range we adjust it to be either the minimum or maximum: 

directpos: 
if pos < 90 then set90 
if pos > 210 then set210 
goto calcspeed 

Provided the input position is within range we proceed to calcspeed which checks the input speed. If its out of range it gets adjusted to be either the min or max speed otherwise we proceed directly to dospeedpulse: 

calcspeed: 
if speed >= 0 then speedchk2 
speed = 0 
speedchk2: 
if speed <= 50 then dospeedpulse 
speed = 50 

Here we're just trying to decide if we should move "backward" or "forward" to get to our new position: 

dospeedpulse: 
if lastpos >= pos then backwards 

forwards: 
'debug "forwards" 
'debug speed 
for x = lastpos to pos step 1 
pulsout servo,x 
pause speed 
next x 
goto savepos 

backwards: 
'debug "backwards" 
'debug speed 
for x = lastpos to pos step -1 
pulsout servo,x 
pause speed 
next x 
goto savepos 

Last we save our new position to memory: 

savepos: 
if servo > 3 then start 
write servo, pos 
goto start 

And that's all the Basic Stamp has to do to translate its serial line input into servo and camera movements!

Figure 2


DISCUSSION

Limitations

The video seen on the website is always at least 1-2 seconds old, with the potential for it being even older, depending on the amount of network traffic between the user and the camera.  We may be able to rewrite the JavaCam applet to update the picture faster, which would be an improvement.  However, since we don’t have the source code to WebCam32, we can’t improve the initial image collection procedure.  We could try to write our own program to get the image from the camera and save it to a file.  In an ideal situation we would have streaming video to the website.  Perhaps we would be able to find some software (preferably freely available software) that will provide us with streaming video.  

The user interface could be a little more elegant.   I tried to improve the interface by the end of the semester, to no avail.  Ideally I’d like the user to be able to move the camera by pointing and clicking the mouse (on the picture, on the website) to direct the camera.  There is some potential for getting such an interface to work, but I’ve run a little short of time.  

The range of motion of the camera is about 135 degrees in each direction.  Improvements here would be nice but I would focus on the improvements listed above before tackling this shortcoming.  Different servos and a modified camera stand would probably go a long way toward a solution here.

Surprises


Once this is webcam is up and running, it’s interesting to be in the room with the camera and watch how remote users manipulate the camera.  Its fun to watch how users first get used to the interface, then test the limits of the camera and then look around the room.

CONCLUSION


The intention here was not to create a potential product or fill a market need.  The point here was to manipulate real world items over the web and to learn how to draw disparate computer technologies together to create a solution.  There is some more to learn in making the final product more polished.  However, as a pedagogical tool this project succeeds famously.  

Many of the courses in the computer science curriculum teach about a specific technology.  It seems that every class teaches us to create and/or manipulate a new language or tool.  What gets overlooked is the difficulty in making these tools interact with each other to create a solution.  Imagine being a mason and every new programming language or tool you get taught to use is a brick.  If nobody addresses the issue of how to make mortar (to hold the bricks together) these bricks are of little use to you.  I understand that making different tools (bricks) work together is an ongoing, evolving process.  But the process needs to begin somewhere and if nobody gives you and example or shows you where to start all the bricks in the world don’t do you any good!  What this project (and this class) did was begin to teach how to connect different technologies into a finished product.  Again, with that as a goal, this project was a success!    
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