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EXAMINATIONS 2013 / 2014				

ARHOLIADAU 2013 / 2014

	FACULTY OF:   APPLIED DESIGN AND ENGINEERING
                                School of Applied Computing

	




	NAME OF COURSE/PROGRAMME:

	BSc Computer Games Development

	YEAR OR LEVEL:

	Level Five/Year Two

	NAME OF MODULE/UNIT/EXAM PAPER:

	Introduction to Games AI

	MODULE NO:

	

	DATE OF EXAMINATION:  May 2014

	

	EXAMINATION TIMES:


				START TIME:

	

				FINISH TIME:

	

				TIME ALLOWED:

	2 hours



INSTRUCTIONS TO CANDIDATES:

Answer 3 out of 4 questions

 Calculators can be used.
 


QUESTION ONE
1a) Explain the term “influence map” and suggest how an influence map can support tactical analysis in a real time strategy game environment.
											[5 Marks]
1b) Influence at a given location on an influence map can be calculated in several ways.  Equation 1 below describes how influence falls off from a level, Io at the influence origin with distance, d from this origin.  Sketch this function and discuss with reasons a suitable situation for its use.  

			equation 1
											[6  Marks]
1c) Provide an analysis of the time and memory  complexity of an  influence map that uses equation 1  to calculate the  influence of units on each location of the grid.  Why is it unlikely that equation 1 would be used in the implementation of an influence map ?  Explain how the “limited radius of effect” approach can improve the running time of influence map calculations.
											[6 Marks]
1d)Another approach to calculating influence maps is to use convolution filters.  Outline this process, assuming a Gaussian filter has been chosen and explain the effect of this filter on the map. Illustrate your answer  by using the Gaussian convolution mask shown in the figure 1a) below to calculate the new influence value for the position at Row2, Column 2 of the map in figure 1b).
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Figure 1a						Figure 1b				
											[8 Marks]


QUESTION TWO
2a)	Quentin the Formidable is looking for people who will join him on his quest.  The only place still vacant in his party is that of Hero, 2nd class.  He has interviewed several potential candidates and created a table listing their relevant attributes, namely, if they are a timid, have their own armour or have questing experience.  The proposed outcome is whether they will be acceptable to join the quest. 
	NAME
	Timid
	Own Armour
	Experienced
	Accept?

	Harry
	YES 
	YES
	YES
	NO

	Sally
	NO
	NO
	NO
	NO

	Ann
	NO 
	YES
	YES
	YES

	Mike
	NO
	YES
	NO
	YES

	Bert
	YES
	NO
	YES
	NO

	Bob
	YES
	YES
	NO
	NO

	Mary
	YES
	NO
	NO
	NO

	Steve
	NO
	NO
	YES
	YES



A McCulloch-Pitts neuron can by described using the following diagram:
[image: ]
Using the diagram, define a McCulloch-Pitts neuron that can be used to give the
same selection classification as Quentin’s for the eight candidates in the table
above. You should assume that ‘Yes’ is given the value ‘1’, and ‘No’ the value ‘0’. 

Demonstrate that your solution gives the desired classification for each of
the candidates by determining the sum of both the inhibitory and excitatory inputs for each candidate and the predicted output Y.
[12  marks]
                                         
2b)  Describe with the aid of a diagram Rosenblatt’s perceptron neuron.  Compare and contrast this neuron with the McCulloch-Pitt neuron of question 3a).
										[13 Marks]




QUESTION THREE

3a)     The operation of a fuzzy expert system depends on the execution of four major tasks:  Fuzzification, Inference, Composition, and Defuzzification. Briefly describe each of these tasks showing how they relate to each other.
[6 marks]

3b)	State two defuzzification techniques and indicate which method you would choose for a real time application giving arguments for your choice.
											[4 Marks]


3 (c)  An A.I. game bot assesses his chances of successfully traversing a danger zone guarded by snipers using the following fuzzy rules:
Rule 2
IF 	overall fire power of snipers is medium
AND 	damage value is low
THEN 	chance of success is medium

Rule 1
IF 	overall fire power of snipers is high
OR 	damage value is high
THEN 	chance of success is low

Rule 3
IF 	overall fire power of snipers is low
THEN 	chance of success is high

His assessment of the overall fire power of snipers is 14 units.
The damage value is his own damage level value. This value is 5 units.  
Using the above rules and the membership functions defined below, deduce the “chance of success” the AI bot has to successfully cross the danger zone. Use the Centroid defuzzification method in your answer.
The membership functions for the linguistic variables are as follows:


For overall fire power:
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and for Damage Value





     	                   


The DOM of the output “chance of success” fuzzy sub-sets is given by the following membership functions:







           
  

										[15 Marks]


QUESTION 4
4a) Differentiate between the terms “image processing” and “computer vision.				
(2 Marks)
4b) The colour histogram is often used within vision systems to represent colour features of an object and so can contribute to the process of matching a prototype object with others in an image database.   Outline briefly an example colour model and explain how a colour histogram of an image can be derived from such a colour model.  In your discussion you should also consider the advantages and disadvantages (if any) of using a colour histogram in feature detection and object classification. 
											(14 Marks)
4c)  Explain how convolution methods used in image processing are applied in edge detection.  Illustrate your answer by showing how the Sobel convolution masks provided in figure 4i are used to calculate the new gradient magnitude of the pixel at Row2 Col3 of the input image pixel values shown in figure 4ii.
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                                       figure 4i                                                                                    figure 4ii
												[9 marks]




QUESTION 1 ANSWER
1a) An influence map (IM) is a grid placed over the world, which has values assigned to each square based on some functions which represent a spatial feature or concept. Or similar definition.     [2 marks]
Influence maps combine together to form spatial decision making strategies. The IM function could be a summation of the natural resources present in that square, the distance to the closest enemy, or the number of friendly units in the vicinity. This representation can then be used in generating optimal strategies in real time strategy games.  [3 marks]
1b)
	[image: ]
									[3 Marks]
Here influence is only near the influence origin and remains flat before rapidly tails off at a distance. Use this where influence needs to be very local.  [2 marks] E.g. around the boundary of a camp etc.[1 Mark]
1c)
Execution time is O(mn) where m is the number of locations on the map [2 marks],  eg an 8x8 grid has m=64 and  n = the number of units that have influence values associated with them. To update a map once where m = 100000 and n=1000 will take 100 million calculations!  [1 marks]. The memory useage is proportional to the size of the grid, m – O(m).  [2 marks]. Needs constant updating so limit this update process where possible. [1 mark] – e.g once per game update cycle or in proportion to speed of movements.
1d)
new influence value for the position at Row2, Column 2 of the map in figure b).
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Figure 1a						Figure 1b				
Outline process. [3 Marks]
Effect of Gaussian filter – to blur/spreadout influence. [1 Mark]
Calculation [4 Marks]
Influence = 1/16(1*2 + 2*2 + 1*2 +2*16 + 4*16 + 2*16 + 1*8 + 2*8 + 1*8)
                  =1/16(8+ 8*16 + 4*8) = 10.5.


QUESTION TWO ANSWER
Question 2 Answers
2a)
              Exper  [image: ]    


                         Liar

		
	Experienced


	  Local Knowledge
Accept

                                                  
                 6 Ma         Marks: 12  -> 8 correct allocation of input values diag.
              			              4 marks for demonstrating that the combinations match the
 requirements (see table below).
	
NAME
	Timid
	Armour
	Experience
	Sum Inhibitory
	Sum Excitatory
	Accept?

	Harry
	1
	1
	1
	1
	2
	NO

	Sally
	0
	0
	0
	0
	0
	NO

	Ann
	0 
	1
	1
	0
	2
	YES

	Mike
	0
	1
	0
	0
	1
	YES

	Bert
	1
	0
	1
	1
	1
	NO

	Bob
	1
	1
	0
	1
	1
	NO

	Mary
	1
	0
	0
	1
	0
	NO

	Steve
	0
	0
	1
	0
	1
	YES


                                            


							





2b)

                      x1

                                                                                                             Bias wk0Wk1




Input Wk2




signals             x2                                                                                                   Output
                                                                                                                                      y
                                                                                                                                       
                                       					Summing Junction      Activation   functionWkn

                          xn

                               Synaptic weights
Description/ discussion of the neuron. 					[6 Marks]
      The discussion should reference the activation function and its role, the weights and their purpose and especially note that the weights enable learning in the network by suitable adjustment of these weights by use of suitable training algorithms.
·  Each connection is weighted, not so M-Pitts
·  Inhibitory connections have negative weights
·  Excitatory connections have positive weights.  Therefore general.  [2 marks]
·  Activity is calculated using a weighted summation of the input signals  Not available in M-Pitts model     [2 marks]
·  Threshold may be linear or non-linear, translation of threshold achieved by the bias weight.. Limited in M-Pitts neuron..  [1 mark]
Learning in the perceptron model of a neuron is achieved through modifying the
connection weights only (including the bias). Not so for M-Pitts neuron.  [2 marks]										[7 Marks]	

[Total=13]

QUESTION 3 ANSWER

3a)
[ 1.5 marks for each stage]:  4*1.5=6

Fuzzification
This  involves the choice of variables, both fuzzy input and output variables and the defuzzified output variable(s); the definition of membership functions for the input variables and the description of fuzzy rules. The membership functions defined on the input variables are applied to their actual values to determine the degree of truth for each rule premise. If a rule's premise has a non-zero degree of truth, that is if the rule applies at all, then the rule is said to fire. All rules are applied. Expert knowledge is required to create good rules.  Membership function design needs to balance effectiveness with simplicity of computation.

Inference
The truth-value for the premise of each rule is computed and the conclusion applied to each part of the rule. This results in one fuzzy subset assigned to each output variable for each rule. Clipping and Scaling can be used. Clipping is more computationally efficient than scaling.  Realtime situations might need to take this into account.

 Composition
All the fuzzy subsets assigned to each output variable are combined together to form a single fuzzy subset for each output variable. MAX and SUM are two composition rules. In MAX composition, the combined fuzzy subset is constructed by taking the pointwise maximum over all the fuzzy subsets assigned to the output variable by the inference rule. In the SUM composition, the combined output fuzzy subset is constructed by taking the pointwise sum over all the fuzzy subsets assigned to the output variable by their inference rule. (Note that this can result in truth values greater than 1).

Defuzzification
The fuzzy subset produced by the composition stage needs to be converted  to a single number or a crisp value. Two popular defuzzification techniques are the CENTROID and MAXIMUM techniques. The use of CENTROID technique relies on using the centre of gravity of the membership function to calculate the crisp value of the output variable. In the MAXIMUM techniques, and there are a number of them, broadly speaking,one of the variable values at which the fuzzy subset has its maximum truth value is used to compute the crisp value. The maximum techniques are computationally quite efficient but can give biased results and may not use all available fuzzy set information. Use of Centroid technique is computationally intensive but does give less biased results.

3b)
Two popular defuzzification techniques are the CENTROID and MAXIMUM techniques. The use of CENTROID technique relies on using the centre of gravity of the membership function to calculate the crisp value of the output variable. In the MAXIMUM techniques, and there are a number of them, broadly speaking,one of the variable values at which the fuzzy subset has its maximum truth value is used to compute the crisp value. The maximum techniques are computationally quite efficient but can give biased results and may not use all available fuzzy set information. Use of Centroid technique is computationally intensive but does give less biased results. Given the above information then, if  a  real time application has limited processing power then use MAXIMUM else use CENTROID.
										[2 marks for each= 4 Marks]

3c)
1 Fuzzify inputs:[ 5 marks]

DOM of High Power = 0.
DOM of Medium Power = 0.8
DOM of Low Power = 0.2
DOM of Low Damage = 0.4
DOM of High Damage = 0.2

2.  Apply rules  [3 marks]
Rule 1
IF 	power is high
OR 	damage value is high
THEN 	chance is low






Rule 2
IF 	power is medium
AND 	damage value is low
THEN 	chance is medium






Rule 3
IF 	 power is poor
THEN 	chance is high



3. Composition-  Aggregate outputs: [3 Marks]



                   


4 Defuzzify:[ 4 Marks]







	Value
	Low Chance
	Medium Chance
	High Chance
	Sum

	0.10
	0.2
	0
	0
	0.2

	0.20
	0.2
	0
	0
	0.2

	0.30
	0.0
	0.4
	0
	0.4

	0.40
	0.0
	0.4
	0
	0.4

	0.50
	0
	0.4
	0
	0.4

	0.60
	0
	0.4
	0
	0.4

	0.70
	0
	0.4
	0
	0.4

	0.80
	0
	0
	0.2
	0.2

	0.90
	0
	0
	0.2
	0.2

	1.00
	0
	0
	0.2
	0.2


			                                       

Now plug these results into the equation to get:


= (0.1 + 0.2)*0.2+(0.3+0.4+ 0.5+0.6+0.7)*0.4+( 0.8 + 0.9 + 1.0) *0.2

				2*0.2 + 5*0.4 +3*0.2 


=(0.06+1.0+0.54)/(0.4 + 2.0+0.6)


=1.6/3 

  
Crisp output value for chance of success is  = 0.533 


QUESTION 4 ANSWER
4a)     Image processing: the manipulation of image data to generate another image. 
Computer vision: Process image data and generate symbolic data.
 [1 mark each]
4b) Typically, the colour of an image is represented through a colour model. There exist various colour models to describe colour information. A colour model is specified in terms of 3-D coordinate systems and a subspace within that system where each colour is represented by a single point. The more commonly used colour models are RGB (red, green, blue), HSV (hue, saturation, value) and Y,Cb,Cr (luminance and chrominance). Thus the colour content is characterized by 3-channels from some colour model. 
[3 marks for chosen model]
One representation of colour content of the image is by using colour histogram. Statistically, it denotes the joint probability of the intensities of the three colour channels.
[1 mark]
Colour histogram describes the distribution of colours within a whole or within a interest region of image.
[1 mark]
The colour histogram of a set of pixels is derived by first normalizing the colour values making the normalised value independent of intensity:

r = R/(R+G+B)

g = G/(R+G+B)   -  note some authors add 1 to denominator to prevent divide by zero errors.
 

Only two value exist, r and g, exist here.  Used to form a 2D histogram using pixel data from a region of an image.
Most entries will be small or zero.  Therefore colours are “binned” into groups of 8 or 16 shades of ea colour.
[3 Marks]


The colour histogram is one of the most widely used visual features in image retrieval. Images characterized by colour features have many advantages:
• Robustness. The colour histogram is invariant to rotation and translation of the image on the view axis, and changes in small steps when rotated otherwise or scaled. It is also insensitive to changes in image and histogram resolution and occlusion.
• Effectiveness. There is high percentage of relevance between the query image and the extracted matching images.
• Implementation simplicity. The construction of the colour histogram is a straightforward process, including scanning the image, assigning colour values to the resolution of the histogram, and building the histogram using colour components as indices.
• Computational simplicity. The histogram computation has O(X, Y ) complexity for images of size X × Y . The complexity for a single image match is linear, O(n), where n represents the number of different colours, or resolution of the histogram.
• Low storage requirements. The colour histogram size is significantly smaller than the image itself, assuming colour quantisation.

 [5 marks – one each]

But the histogram does not contain semantic information, and two images with similar colour histograms can possess different contents.	[1 mark]

										            [14 Marks]	
4c) Outline of convolution method.  3 marks,  Calcs, 2 marks each for the 3 stages
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            Figure 3i                                                                    figure 3ii
Gx= -1*150 + 0*150 + 1*30 -2*150 +0*30 +2*30 -1*30 +0*30 +1*15
   = -375
Gy= +1*150 + 2*150 + 1*30 +0*150 +0*30 +0*30 -1*30 -2*30 -1*15
   = +375
Magnitude either method, e.g.  G =  |-375| + |375| = 750.  Clamped accordingly.
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