      To understand anything about generating video signals in real-time, one must know how video signals work in details.
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How a standard TV-set works:

      A standard TV-set is built with a vacuum tube, which has a phosphor screen that an electron canon shoots at. When the electrons from the cannon hits the screen, light is emitted from the phosphor as long as the canon shoots electrons at it, and it also has a short afterglow. The electron beam from the electron-cannon can be bent using magnets so it shoots at different parts of the screen. If this is controlled so it draws horizontal lines all over the screen repeatedly, while the intensity of the beam is controlled, an image can be drawn on the screen. The screen is redrawn 25 times per second on a PAL system, but to reduce flickering the image is interlaced, showing first all odd lines then all even lines, so the image is partially updated 50 times per second . Thanks to the persistence of vision effect of the human brain, the image seems to be constant instead of flickering at 50Hz. To get color each dot on the screen is divided into three colors: red, green and blue, however here we'll only discuss black and white television, because that is only what is possible to generate real-time in software using a PIC.
Different TV standards:
      There are three major TV-standards: NTSC, SECAM and PAL. The NTSC (Short for "National Television System Committee", but back in the early days of TV there was problems with getting the same color over the whole picture so a more evil interpretation of the letters is that it stands for "Never The Same Color" ) is the American TV-standard, it has only 525 scan-lines, but it has a update frequency of 30Hz. SECAM (Short for "SEquentiel Couleur Avec Mémoire" (French for "Sequential Color With Memory"), but as the French usually want to get their own solution to problems, a more evil interpretation is that it stands for "System Essentially Contrary to the American Method") is the French TV-standard, it has improved color stability and higher intensity resolution but with less color resolution, I don't know much about that standard. The European standard is PAL (Phase Alternating Lines, or as a PAL enthusiast would interpret the letters: "Perfect At Last"), it has 625 lines per frame, 25 frames per second. It is based on NTSC, but the color-coding has been improved by using a phase shift on every other line to remove the color errors that occurred with NTSC. In this document I will focus on the PAL.

The information in the video signal: 
     The image seen on the screen has different intensities. As the electron beam sweeps over the screen, the intensity that should be at the position of the beam is sent as a voltage level in the video signal. There is no information in this intensity information about where the electron beam is on the screen. To solve this, a synchronization pulse is sent in the beginning of each line to tell the TV that the current line is finished and move down the electron beam to the next line. (Like the <Enter> key on the keyboard, when writing a text with a computer) The TV must also know when a new image is coming; this is done by making a special synchronization pattern. (Like the "new document" function when writing a text with a computer) An image that is updated 25 times per second would be quite flickering, so therefore all even lines are drawn first and then all odd, this method shows 50 half images per second, making the picture have less flickering. The information whether the image contains even or odd lines are sent in the vertical synchronization pattern, as different patterns for odd and even images. The video signal has a voltage range 0 to 1V; where 0.3V represents black, and 1.0V is white (gray intensities have voltages between these values). Levels close to zero represent synchronization pulses.
The scan-line: 
     The image is divided into scan-lines; it is the most important part of the image since it contains the image data. The scan-lines are all 64us long. First a 4us long sync pulse is sent, by setting the signal level to 0V, to tell the TV that a new line is coming. The old TV's was kind of slow, so they needed 8us after the sync-pulse to get the electron beam in position. During this time the signal is kept at black level. The 8us delay is followed by the image data for 52us, drawn on the screen from the left to the right with the intensities obtained from the video signal. Black is represented by 0.3V and as the voltage increases the intensity increases, with the maximum intensity at 1.0v (white).see the picture below: 
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Hardware Design: 
    To generate a video signal simply we need two outputs from the PIC; one for data and the other for synchronization, we reserve all port D for data to reduce the time needed to output data to TV so we increase the resolution.
    The PIC must be clocked at 32 MHz with a 8 MHz crystal, to get the 64 µs horizontal synchronization timing of the PAL system.
    We generate a 625 lines interlaced PAL video signal, and can display up to 248 vertical lines of 128 pixel. Any video display device with a PAL video composite input should be able to display the picture generated by the PIC.
Because timing is critical, the part of the software producing the video uses in-line assembly mixed with C.
The Circuit:
· The core of the circuit is a PIC18F4620 .
· The PIC is clocked with a 8 MHz crystal. 

· We made our own DAC which was two resistors one from port D and the other from port E so we can speed up the system by using one rotate instruction instead of 2 MOVs .

· The values of the resistors are :470 Ohm and 950 Ohm each one connected directly with specific port and connected togother from the other side which connected to the AV data input.

· So now we can have 4 analog values from our 2 input DAC.
actually we need only 3 valuse 0, 0.3 and 1 volt.

· Switches with pull-downs are used for the game play buttons
· You can connect the video out signal directly to the composite video input of your TV.

Software Design:

    Our program divided into two parts; first one to generate video signals using timer0 overflow interrupt, the second part for the games.

    We have two games; eight puzzle and picture reordering, in these two games we tried to make a real time application controlled by push buttons.
