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[bookmark: _Toc4148134]1 - Task 1
[bookmark: _Toc4148135]1.1 - Research
An influence map uses a grid, superimposed over a world, to assign a value to specific areas which are of significance to its surroundings. Originally developed for Real-time simulator (RTS) games such as Go, Age of Empires and Civilization, Influence Maps are utilised in AI for spatial awareness and decision making systems. Influence points in an influence map commonly represent characters, obstacles or environment objects[1]. Based on the positions of these influence points, an AI can determine the most optimal decision it can make based on its surroundings[2]. 
[image: ]
[bookmark: _Toc4064612][bookmark: _Toc4064776][bookmark: _Toc4070396][bookmark: _Toc4070806]Figure 1 - A visual depiction of Influence mapping in Unity
[bookmark: _Toc4148136]1.1.1 - Equation methods
There are several different methods for determining simple influence[3]. Varying from linear methods with no drop-off to more complex equations which account for influence from multiple sources. Examples of equations that can be utilised for influence calculations are the equation for a line Y = MX + C, or a function of influence around a given point with rapid drop-off.

[bookmark: _Toc4070397][bookmark: _Toc4070807]Figure 2 - Equation for influence around a given point with rapid drop-off, where Io is the influence at the origin point, d is the distance from the origin point, r is the range of constant influence, Id is the influence at distance d from the origin.




[bookmark: _Toc4148137]1.1.2 - Convolution filters
Another method for calculating influence is the use of convolution filters[3]. A filter template is centred and overlaid on a point in a map, such that individual pixels/squares line up with one another. For each square overlaid by the convolution filter, the value in the square is multiplied by the corresponding value in the overlaid convolution filter. Once the product for each square with the filter applied has been calculated, the sum of every value with the filter applied is calculated. When using filters such as mean filters[4] or Gaussian filters, the sum of these values is divided by the total number of value under the filter to calculate the average of the squares under the filter.
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[bookmark: _Toc4070808]Figure 3 - Example of Convolution Filter
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1.1.3 - Big O Notation[5]

In computer science, Big O notation is utilised to quantify and evaluate the complexity of an algorithm with regards to execution time or memory required for use by the algorithm. Big O specifically describes the worst-case scenarios of each algorithm, assuming the algorithm takes the maximum time possible to execute.

Common examples of Big O Notation include: -

· O(1) is used to describe an algorithm whose execution time or memory usage does not change, regardless of the input data set size. 
· O(N) is used to describe an algorithm where the execution time is directly proportional to the size of the input data set. 
· O(N2) describes algorithms where execution time is proportional to the input data set size squared. Further iterations of this can be utilised for deeper nested iterations of the data set, which result in notations such as O(n3), O(N4), etc.
· O(2N) describes algorithms where the increase in complexity is exponential. An example of this would be an algorithm for recursively calculating Fibonacci sequence numbers.


In addition to these algorithms, Big O can be used to denote logarithms. Logarithmic functions are denoted in Big O as O(log N). By halving a data set iteratively, a growth curve is produced that increases drastically before flattening out. An example of this is Binary Search Technique. The first step is to select the median of a data set and compare it against a target value. If the two values are equal, the test is passed. Should the median have a value greater or less than the target value, either the upper half or the lower half respectively is tested again in the same way. This process is repeated iteratively until the target value has been found or the data set cannot be halved again.














[bookmark: _Toc4148139]1.2 – Calculating mean influence using Gaussian Convolution filter method

 
1/16 	2/16 	1/16
2/16 	4/16 	2/16
1/16 	2/16 	1/16
[bookmark: _Toc4064777][bookmark: _Toc4070398][bookmark: _Toc4070809]Figure 4 - Gaussian Filter, provided by lecturer
Col 1	Col 2	Col 3	Col 4	Col 5	Col 6
Row 1	32	32	32	34	34	36
Row 2	26	26	26	26	30	36
Row 3	18	18	18	24	24	24
Row 4	14	16	16	22	22	24
Row 5	14	14	14	20	20	18
Row 6	16	20	20	22	24	26
Row 7	16	22	22	24	26	30
Row 8	18	24	24	26	28	32
[bookmark: _Toc4064778][bookmark: _Toc4070399][bookmark: _Toc4070810]Figure 5 - Table of values with assigned section highlighted in green, provided by lecturer

1/16 	2/16 	1/16		14	14	14		0.875 1.750 0.875
2/16 	4/16 	2/16	   x	16	20	20	=	2.000 5.000 2.500
1/16 	2/16 	1/16		16	22	22		1.000 2.750 1.375
[bookmark: _Toc4064779][bookmark: _Toc4070400][bookmark: _Toc4070811]Figure 6 - Assigned values with Gaussian filter applied

Sum of values with Gaussian filter applied = 0.875 + 1.750 + 0.875 + 2.000 + 5.000 + 2.500 + 1.000 + 2.750 + 1.375 = 18.125

18.125 / 9 = 2.014 (4 sig. figs)

Average influence at cell 6,2 = 2.014 (4 sig. figs)

















[bookmark: _Toc4148140]1.3 – Calculating influence on a point from multiple sources using equation method
	
Io1 = 3.5
Io2 = 4.3
r = 8
For Io1, d =  = 5.099 (4 sig. figs)
For Io2, d =  = 6.403 (4 sig. figs)
IdIo1 =   = 3.318 (4 sig. figs)
IdIo2 =   = 3.576 (4 sig. figs)
Combined Id = IdIo1 + IdIo2 = 3.318 + 3.576 = 6.894 (4 sig. figs)
[bookmark: _Toc4148141]2 - Task 2
[bookmark: _Toc4148142]2.1 - Gaussian Filter method – Corresponding C++ code appended at end of document
For the Gaussian/Convolution Filter method, a 9x9 filter was provided in the assignment brief. 
1/16 	2/16 	1/16
2/16 	4/16 	2/16
1/16 	2/16 	1/16
Figure 7 - Gaussian Convolution Filter, provided in assignment brief
As well as the filter, a unique sample region was also provided.
14	14	14
16	20	20
16	22	22
Figure 8 - Unique Sample Region, provided in assignment brief
The convolution filter should then be applied to the sample area, which requires the user to calculate the product of each corresponding value.
1/16 	2/16 	1/16		14	14	14		0.875 1.750 0.875
2/16 	4/16 	2/16	   x	16	20	20	=	2.000 5.000 2.500
1/16 	2/16 	1/16		16	22	22		1.000 2.750 1.375
Figure 9 - Calculation for application of Convolution Filter
Once the convolution filter has been applied, the sum of all the values in the sample region is calculated.
0.875 + 1.750 + 0.875 + 2.000 + 5.000 + 2.500 + 1.000 + 2.750 + 1.375 = 18.125
The sum of values is then divided by the number of values in the sample to compute the mean value with the convolution filter applied.
18.125 / 9 = 2.014 (4 sig. figs)

[bookmark: _Toc4148143]2.2 - Equation Method – Corresponding C++ code appended at end of document
The equation provided in the assignment brief is .

This equation is used to calculate the Influence at distance d from a source or multiple sources. Parameters in this equation are as follows: -
· Id – Influence at distance d from a source.
· Io – Influence at the origin of the source.
· e – Exponent constant.
· d – Distance from sources of influence.
· r – Range of influence from source.

In this example two sources have been provided, along with the corresponding values for Io, r and the coordinates of the two sources. A sample region is provided along with its coordinates.

Io1 = 3.5		Io2 = 4.3		r = 8
In order to calculate the distance of the two influence sources from the sample region, Pythagoras’ theorem is applied using coordinate geometry.
For Io1, d =  = 5.099 (4 sig. figs)
Figure 10 - Calculation for distance from influence source 1
For Io2, d =  = 6.403 (4 sig. figs)
Figure 11 - Calculation for distance from influence source 2
Once distance has been calculated, values are input into the equation to compute a value for Id.
IdIo1 =   = 3.318 (4 sig. figs)
Figure 12 - Equation for influence on sample region from source 1
IdIo2 =   = 3.576 (4 sig. figs)
Figure 13 - Equation for influence on sample region from source 2
When multiple sources are exerting influence on a sample region, the sum of the individual influences is calculated to give the total influence exerted on the sample region.
Combined Id = IdIo1 + IdIo2 = 3.318 + 3.576 = 6.894 (4 sig. figs)
Figure 14 - Calculation for total influence on sample region from multiple sources
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