CSE 228-F: Multimedia Systems

Mid-term Examination Solutions
(30 points)

1. (5 points, 15 minutes)

Compute the total number of frames and pixels in an hour of NTSC video

The frame rate for NTSC video is 30 frames per second and the resolution for a frame is 525X700 pixels = 367500.

The way to compute number of frames and number of pixels is to first compute the number of frames and then multiply that count by the number of pixels within a frame.

There are 30 frames per second in NTSC video – therefore in an hour of video, we have 30 * 3600 = 108000 frames. (2.5 points for this)

The number of pixels in an hour of video therefore is 108000*367500 = 39690000000 pixels. (2.5 points for this)

2. (5 points, 15 minutes)

Differentiate clearly between PCM, DPCM, and ADPCM.  What media are these most frequently used for?

When audio is encoded, the analog signal is first sampled at a predetermined rate. The samples are then encoded using one of the following techniques:

Pulse Code Modulation (PCM) audio is encoded by simply storing the intensity values for each sample. E.g. 10, 11, 12, 14, 12  (1 point)

Differential PCM (DPCM) audio takes advantage of the fact that changes between audio samples are generally small, so it sends an intensity value followed by changes from the previous sample. E.g. 10, +1, +1, +2, -2. In order to facilitate recovery from transmission errors, an intensity value will be sent periodically instead of a difference. (2 points)

Adaptive DPCM (ADPCM) further reduces size by storing the sign of the difference and a scaling factor. E.g. Using a scaling factor of 1: 10, +, +, +, -.  (2 points)

These modulation techniques are used for encoding audio. (If they don’t mention audio, take off half a point)

3. (10 points, 30 minutes)

Draw the block diagram of a JPEG encoder. Explain all of the stages at the conceptual level - what is the input, what is the output, and what action that stage of the encoder accomplishes.

JPEG Stages (2.5 points for each stage with full description of input, output and what that stage accomplishes)


· Picture Preparation:

Input: The picture with the color represented as YUV components for each pixel

Output: The sub-sampled picture with color divided into 256 components.

Y (luminance/intensity) is more important than U or V (chrominance) and so we can represent 16 Y values for every U and V value. This is called subsampling. In JPEG, compression is never done across planes. The standard set of planes for JPEG is YUV. 

· DCT Computation:

Input: The YUV values of the sub-sampled image. The input to the DCT function is in 8X8 blocks.

Output: The pixel values in the frequency domain. In other words, the spatial domain is converted to frequency domain.

Here the Y, U, V values are taken for 8X8 blocks at a time, and DCT is computed on each.
· Quantization:

Input: The DCT coefficients of each plane.

Output: The quantized values of the DCT coefficients.

JPEG utilizes a quantization table in order to quantize the results of the DCT. Quantization allows us to define which elements should receive fine quantization and which elements should receive coarse quantization. Those elements that receive a finer quantization will be reconstructed close or exactly the same as the original image, while those elements that receive coarse quantization will not be reconstructed as accurately, if at all. A quantization table is an 8x8 matrix of integers that correspond to the results of the DCT. Each entry in this table is an 8-bit integer. To quantize the data, one merely divides the result of the DCT by the quantization value and keeps the integer portion of the result. Therefore, the higher the integer in the quantization table, the coarser and more compressed the result becomes. This quantization table is defined by the compression application, not by the JPEG standard. Therefore, this quantization table must be stored with the compressed image in order to decompress it.

· Entropy Encoding:

Input: The quantized values of the DCT coefficients.

Output: The entropy encoded values (after applying run length and Huffman encoding) 

The first step in entropy encoding is to Run-Length Encode the zero values. Because there will be many zeroes in the high-frequency results of the DCT, we can produce long run-length encoded strings of zeroes with the zig-zag sequence. The final step in entropy encoding is to Huffman code the results. The Huffman algorithm can also have a table specified by the JPEG application, or it can create its own by examining the data. In either case, this must also be written with the compressed results in order to decompress.

4. (5 points, 15 minutes)

Is JPEG lossy?  Give at least two reasons.

Yes, JPEG is lossy (1 point). Loss is introduced due to several reasons. (At least two reasons should be given. 2 points for each.)

· Quantization: introduces errors because of rounding off many bit values to one quantized value. This is done for compression purposes. But you may lose some information.

· Subsampling of the U and V components: This introduces errors because in encoding JPEG, we take advantage of tha fact that Y (luminance) is more important than U and V (chrominance). Therefore, for every 16 Y encodings we send only one U and one V encoding.

· DCT computation: this uses the cosine function, which is a transcendental function. So when we compute the inverse DCT on the encoded image, we may not get back the exact original value.

5. (5 points, 15 minutes)

In MPEG, if we were to just send differences between successive frames (after sending the first frame), what are the disadvantages?  Give at least two.

In MPEG, sending only the differences between the successive frames will induce has the following disadvantages:

1. If only the first frame is sent completely followed by the differences between successive frames, every frame (except the first) is constructed based on its previous frame. So, if we lose one frame, then we lose all subsequent frames. (2.5 points)

2. Since only the first frame is sent completely, we will have to reconstruct the video sequence in serial order, i.e. every frame from the second one on has to be constructed. This prevents random access; one cannot arbitrarily seek to a certain position in the video without reconstructing the entire sequence (2.5 points).

3. Error propagation

