
1. Topic: Image Coding (24 Marks) 

a. Colour quantisation reduces the number of distinct colours in an image, with the 

intention that the new image should be as visually similar as possible to the original 

image.  The populosity algorithm selects the n most frequent colours in an image as 

the set of representative colours. 

i. List the main steps in this algorithm.    (2 marks) 

 

Answer 
 

 Create a colour frequency histogram 

 Sort histogram by count 

 Keep the 256 colours with the largest counts 

 Convert all other scene colours to the closest kept colour 
 

 
 

 

ii. Describe where the algorithm would not be effective in yielding a visually 

similar image.        

        (2 marks) 

 

Answer 
 

 When the number of different colours in the original scene is 
much greater than the target number, the algorithm breaks 
down, especially where small scene objects are concerned. 

 



 
 

 

iii. Suggest a way of improving the algorithm to yield a more visually similar 

image.         

        (4 marks) 

 

Answer 
 

 By using the median-cut algorithm technique, rather than just 
histogram and keep the most popular colours, the median-cut 
algorithm attempts to find colours that represent equal numbers 
of colours in the original scene.   

 

 
 

 

 



b. Baseline JPEG is a lossy compression technique that achieves a high compression 

ratio by exploiting the weaknesses in the human visual system. 

i. List the steps a baseline JPEG codec would use to encode RGB image data.  

(2 marks) 

 

 

 

 

Answer 
 

 



 
 

 

 

ii. For each step, state whether the technique used is lossy or lossless.  If the 

step is lossy justify why losses are allowed.   (6 marks) 

 

Answer 
 

 RGB2YCbCr – Lossy 

 Sampling – Lossy ??? 

 DCT - Lossy 

 Quantisation - Lossy 

 Zig-Zag – Ordering - Lossless 

 Entropy Encoding - Lossless 



 

 
 

 

c. Masking provides a means for hiding portions of visual elements. 

i. Describe using code, how to mask a JPEG image using CSS masking.  

(2 marks) 

 

Answer 
 



 
 

ii. Describe an alternative HTML5-based solution.    

        (6 marks) 

 

Answer 
 



 
 

 

 

2. Topic: Audio and Video Coding (28 Marks) 

a. List the steps in digitising and coding audio signals.   (2 marks) 

 

Answer 
 

 Sampling Rate 
The more samples taken per second, the higher the accuracy 
If you use the wrong one, important frequencies may be removed 
8KHz -> Telephone 
22.05KHz -> Radio 
44.1KHz -> CD 
48KKz -> Professional Audio  
96KHz -> DVD Audio or Audio Recording 

 Bit Depth 
Increasing the number of bits increases quality 
8-bit -> Telephone 
16-bit -> CD 
20-bit -> DVD 

 Channels 



Current formats can support 1 to 6 channels 
- Mono (1) -> Telephone 
- Stereo (2) -> CD 
- 5.1 Surround (6) -> DVD 

 Bit Rate 
Digital audio files / streams are measured in terms of bit rate 

 

 

b. Explain why differential pulse code modulation encoding is used for representing 

digital audio.        (2 marks) 

 

Answer 
 

 The DPCM Encoder and DPCM Decoder blocks can help you 
implement a DPCM predictive quantizer. 

 Differential pulse code modulation (DPCM) is a procedure of 
converting an analogue into a digital signal in which an analogue 
signal is sampled and then the difference between the actual 
sample value and its predicted value (predicted value is based on 
previous sample or samples) is quantized and then encoded 
forming a digital value. 

 



 
 

c. One approach for compressing digital audio data is to apply a discrete cosine 

transform to a list of audio samples. 

i. Describe how this compression scheme could be implemented. (6 marks) 

 

Answer 
 



 
 

ii. What are the limitations of this approach?   (4 marks) 

 

Answer 
 

 
 

d. Video encoding in MPEG-1 consists of five steps (motion estimation, coding-block 

preparation, discrete cosine transform, quantisation and entropy encoding). 

Describe each of these five steps.  Be sure to include the choices (if any) an encoding 

application can make at each step.     (8 marks) 

 



Answer 
 

 
 

 Motion Estimation 
- Talk about I-frames (intra), P-frames (predicted) and B-frames 

(bidirectional).   
- The references between the different types of frames are 

realised by a process called motion estimation or motion 
compensation. The correlation between two frames in terms 
of motion is represented by a motion vector. 

- The resulting frame correlation, and therefore the pixel 
arithmetic difference, strongly depends on how good the 
motion estimation algorithm is implemented.  

- Good estimation results in higher compression ratios and 
better quality of the coded video sequence. However, motion 
estimation is a computational intensive operation, which is 
often not well suited for real time applications. 
 

 Coding-Block Preparation 
 

 Discrete Cosine Transform 
 
- DCT allows a representation of image data in terms of 

frequency components. So the frame-blocks (8x8 or 16x16 
pixels) can be represented as frequency components. 

- The DCT is unfortunately computational very expensive and 
its complexity increases disproportionately (O(N2)). That is the 
reason why images compressed using DCT are divided into 
blocks.  

- Another disadvantage of DCT is its inability to decompose a 
broad signal into high and low frequencies at the same time. 
Therefore the use of small blocks allows a description of high 
frequencies with less cosine-terms. 

 

 Quantisation 



- During quantization, which is the primary source of data loss, 
the DCT terms are divided by a quantization matrix, which 
takes into account human visual perception.  

- The human eyes are more reactive to low frequencies than to 
high ones. 

- Higher frequencies end up with a zero entry after 
quantization and the domain was reduced significantly. 

 

 Entropy Encoding 
 
- The entropy coding takes two steps: 
- Run Length Encoding (RLE ) [2] and 
- Huffman coding [1]. 
- These are well known lossless compression methods, which 

can compress data, depending on its redundancy, by an 
additional factor of 3 to 4. 

 

 



 

 
 

e. An MPEG-1 closed group of pictures (GOP) consists of the following pictures shown 

in playback order. 



I B B P B B P B B P B B P B P 

i. Write out the encoding order of the above GOP.   (2 marks) 

 

Answer 
 

 
 

ii. If the frame size is 352 x 288 pixels, calculate the maximum number of 

motion vectors that could result when encoding the GOP. (2 marks) 

 

Answer 
 

 
 

iii. Why is it likely that an encoding application will use fewer motion vectors? 

(2 marks) 

 

Answer 
 



 
 

 

3. Topic: Media Delivery and Presentation (28 Marks) 

a. Progressive JPEG mode delivers an initial low-quality version of an image, followed 

by ahigher-quality refinements.  Assuming the main steps of the JPEG algorithm are 

the same as sequential JPEG mode, suggest how this mode could be implemented.   

(4 marks) 

   

Answer 
 

 
 

b. What features of a typical video codec make the compressed bitstream sensitive to 

transmission errors?       (3 marks) 



 

Answer 
 

 
 

c. Describe two techniques that can suppress error propagation after a transmission 

loss?          (4 marks) 

 

Answer 
 

 
 

 

d. ISO/IEC developed the MPEG-DASH standard allowing for dynamic adaptive 

streaming of media content over HTTP. 

i. What caused the need for delivery platforms such as MPEG-DASH? (3 marks) 



 

Answer 
 

 
 

ii. Describe the general architecture of an MPEG-DASH client could use to 

control the delivery of content from a server.     (4 marks) 

 

Answer 
 

 
 

 

iii. Outline an algorithm that an MPEG-DASH delivery system could use to 

control the delivery of content from a server.  List the limitations of your 

solution.       (6 marks) 

 



Answer 
 

 
 

 

iv. Usually MPEG-DASH systems offer multiple representations of each video as 

separate files.  It is also possible to offer all representations embedded in 

one file using Scalable Video Coding (SVC).  Explain the potential advantages 

of the SVC approach.      (4 marks) 

 

Answer 
 



 
 

 


