For finding the correct values for the level and f0 for our tokens, we have to analyze the intra and inter distance changing this values. 
Firts we are going to analyze the best case for the INTRA DISTANCE, for that we have 4 original and different tokens and 1 more picture for each token (removing in from the camera, placen then later and taken the picture). So we will have 4 instances, intance 1 will be the intra distance between the original image 1 and the other picture, image 1.
In this case we will keep f0 constant and change the level to see how it affects to the values.
Note that the original size of the image (level1) is 1392x1040 pixels, and in every level we divide by half that size. 

Level 1 = 1392x1040--------------------------- Final string = 2,895,360 bits
Level 2= 696x520------------------------------ Final string = 723,840 bits
Level 3= 348x260------------------------------ Final string = 180,960 bits
Level 4= 174x130------------------------------ Final string = 45,240 bits
Level 5= 87x65--------------------------------- Final string = 11,310 bits
Level 6= 44x32--------------------------------- Final string = 2,816 bits 
(8*350=2800---- )
Level 7= 22x16--------------------------------- Final string = 704 bits
Level 8= 11x8---------------------------------- Final string = 176 bits

Also we want to remember that f0 is the frecuency of subsampling. If the spots are to big for f0 we won’t find then and the intra value will be 0.
Also remember that for changing the subsampling we have to ways, changing the value of f0, so it can be higher and be able to find the spots. And the other way is to reduce by half the size of the image so the spots are smaller and f0 will be able to find them. As we want the best result we will change both until we find the perfect combination.




INTRA DISTANCE
	F0= 0.05
	Level 1
	Level 2
	Level 3
	Level 4
	Level 5
	Level 6
	Level 7
	Level 8

	Instance1
	0.0020
	0.0083
	0.0234
	0.1484
	0.0707
	0.0407
	0.0458
	0.0167

	Instance2
	0.0048
	0.0169
	0.0484
	0.1924
	0.1112
	0.1116
	0.0813
	0.0500

	Instance3
	0.0231
	0.0959
	0.2362
	0.2975
	0.2177
	0.0997
	0.1313
	0.4250

	Instance4
	0.0090
	0.0373
	0.0910
	0.3074
	0.1312
	0.0863
	0.0500
	0.3000



	F0= 0.1
	Level 1
	Level 2
	Level 3
	Level 4
	Level 5
	Level 6
	Level 7
	Level 8

	Instance1
	0.0018
	0.0080
	0.0241
	0.0687
	0.1037
	0.0873
	0.0500
	0.0500

	Instance2
	0.0056
	0.0190
	0.0511
	0.0978
	0.1348
	0.1652
	0.0938
	0.0250

	Instance3
	0.0232
	0.0944
	0.2410
	0.4042
	0.3310
	0.1801
	0.0813
	0.3250

	Instance4
	0.0091
	0.033
	0.1137
	0.2104
	0.2093
	0.1190
	0.0500
	0.1500



	F0= 0.2
	Level 1
	Level 2
	Level 3
	Level 4
	Level 5
	Level 6
	Level 7
	Level 8

	Instance1
	0.0020
	0.0078
	0.0299
	0.0732
	0.1555
	0.1131
	0.0750
	0.0677

	Instance2
	0.0056
	0.0205
	0.0566
	0.1070
	0.1646
	0.1771
	0.2062
	0.1750

	Instance3
	0.0225
	0.0915
	0.2173
	0.4026
	0.5218
	0.2857
	0.2188
	0.1250

	Instance4
	0.0089
	0.0343
	0.0989
	0.2531
	0.3358
	0.1771
	0.1125
	0.1000



	F0= 0.3
	Level 1
	Level 2
	Level 3
	Level 4
	Level 5
	Level 6
	Level 7
	Level 8

	Instance1
	0.0018
	0.0072
	0.0218
	0.0551
	0.1999
	0.1815
	0.1000
	0.0167

	Instance2
	0.0048
	0.0201
	0.0543
	0.1072
	0.1443
	0.1830
	0.2875
	0.0500

	Instance3
	0.0204
	0.0817
	0.1855
	0.3521
	0.6072
	0.4360
	0.2250
	0.2250

	Instance4
	0.0079
	0.0305
	0.0987
	0.2652
	0.3914
	0.2961
	0.1688
	0.0250



	F0= 0.4
	Level 1
	Level 2
	Level 3
	Level 4
	Level 5
	Level 6
	Level 7
	Level 8

	Instance1
	0.0014
	0.0059
	0.0171
	0.0380
	0.1938
	0.2143
	0.1250
	0.0167

	Instance2
	0.0039
	0.0155
	0.0500
	0.1162
	0.1737
	0.1920
	0.2625
	0.1000

	Instance3
	0.0151
	0.0658
	0.1887
	0.3210
	0.6221
	0.4851
	0.2500
	0.1750

	Instance4
	0.0059
	0.0243
	0.0965
	0.2057
	0.4117
	0.3348
	0.1313
	0.1000






[bookmark: _GoBack]For the INTER DISTANCE we are going to use 5 images from 5 different tokens but with the same conditions (poner condiciones). One of our images will be the original and every instance will be the inter distance between the original and one of the other 4 images.

	F0= 0.05
	Level 1
	Level 2
	Level 3
	Level 4
	Level 5
	Level 6
	Level 7
	Level 8

	Instance1
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance2
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance3
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance4
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.



	F0= 0.1
	Level 1
	Level 2
	Level 3
	Level 4
	Level 5
	Level 6
	Level 7
	Level 8

	Instance1
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance2
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance3
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance4
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.



	F0= 0.2
	Level 1
	Level 2
	Level 3
	Level 4
	Level 5
	Level 6
	Level 7
	Level 8

	Instance1
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance2
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance3
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance4
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.



	F0= 0.3
	Level 1
	Level 2
	Level 3
	Level 4
	Level 5
	Level 6
	Level 7
	Level 8

	Instance1
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance2
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance3
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance4
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.



	F0= 0.4
	Level 1
	Level 2
	Level 3
	Level 4
	Level 5
	Level 6
	Level 7
	Level 8

	Instance1
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance2
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance3
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.

	Instance4
	0.
	0.
	0.
	0.
	0.
	0.
	0.
	0.



As we can see level 1 and level 2 in intra and inter distance show us really low values, this is because the f0 wasn’t able to subsample the spots from the images correctly and we just get the background. Level 6 and level 7 seems to be the right levels for our porpous. Know we are going to extend the study to more pictures so we can see that the values are right and they are not an exception. For a better show of the result we are going to generate the intra and inter distance histogram so we will be able to choose which relation between level (6 or 7) and f0 es the best.
Firts we are going to see the histogram for the intra distances
[image: ]
[image: ]



Now we are going to show the histogram for the inter distance:
[image: ]


[image: ]

Now lets study the values. Firts of all we must remember that the intra value should be as low (around 0.2%) as posible and the inter value as higher as posible (around 0.5%).
In figurexxx(inter level 7), we can see that all the values are in the range [0.07, 0.38], this values are too low. We can see in figurexxx(intra level 7) that the values are in the range [0, 0.2] That is pretty good. But because of the inter values for this level we could only think in usin f0= 0.4 (intra range [0.01, 0.2] and inter range [0.28, 0.37]) or f0=0.3 (intra range [0, 0.2] and inter range [0.23, 0,28]), but the lower values from the inter may be a problem later on when we have more pictures.

As we can see in figurexxx(inter level 6) the inter distance values for f0 0.05 and 0.1 are between [0.17, 0.27], that makes useless those f0 values. Lets take a look to the other values.
For f0=0.2 we have an intra range [0.02, 0,21] and a inter range [0.36, 0.46] with around 75% of the values higher than 0.4.
For f0=0.3 we have an intra range [0.1, 0.25] and a inter range [0.37, 0.48] with around 75% of the values higher than 0.4
For f0=0.4 we have an intra range [0.02, 0.25] and a inter range [0.34, 0.41] with around 30% of the values over 40%.
As we can see f0=0.2 and f0=0.3 present the best results. As we can see the distance bewteen the highest intra value and the lowest inter value for f0=0.2 is 0.17 and for f0=0.3 is 0.12.
So as final conclusion we are going to use level 6 and f0=0.2.
[image: ]
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