1.1 EXPERIMENT STARTING POSITIONS

The pre-defined starting positions for the first ten experiments are shown below:
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Figure 0.1: Experiment 1 Starting Positions (A-E)
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Figure 0.1I: Experiment 2 Starting Positions (A-E)
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Figure 0.11I: Experiment 3 Starting Positions (A-E)
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Figure 0.1V: Experiment 4 Starting Positions (A-E)
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Figure 0.V: Experiment 5 Starting Positions (A-E)
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Figure 0.VI: Experiment 6 Starting Positions (A-E)
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Figure 0.VII: Experiment 7 Starting Positions (A-E)
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Figure 0.VIII: Experiment 8 Starting Positions (A-E)
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Figure 0.1X: Experiment 9 Starting Positions (A-E)
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Figure 0.X: Experiment 10 Starting Positions (A-E)




1.2 EXPERIMENT FINAL SEGREGATION PATTERNS

The final segregation patterns for the corresponding ten experiments are shown below (note that where
possible, these photographs have been taken with the lamps turned off in order to allow the different robot

groups to be identified more easily, but versions of the images with the lamps left on are included with the

supplementary electronic material).







Figure 0.XI: Experiment 1 Final Segregation Patterns (A-E)







Figure 0.XII: Experiment 2 Final Segregation Patterns (A-E)










Figure 0.XIlI: Experiment 3 Final Segregation Patterns (A-E)







Figure 0.XIV: Experiment 4 Final Segregation Patterns (A-E)










Figure 0.XV: Experiment 5 Final Segregation Patterns (A-E)







Figure 0.XVI: Experiment 6 Final Segregation Patterns (A-E)









Figure 0.XVII: Experiment 7 Final Segregation Patterns (A-E)







Figure 0.XVIII: Experiment 8 Final Segregation Patterns (A-E)










Figure 0.XIX: Experiment 9 Final Segregation Patterns (A-E)







Figure 0.XX: Experiment 10 Final Segregation Patterns (A-E)




1.3 EXPERIMENT 11 — THE INVERSE-BRAZIL NUT EFFECT

The eleventh experiment produced similar results to the runs in the tenth experiment as expected, but the
results are shown separately as the starting position has not been generated in the same pseudo-random

manner:

This inverse-Brazil nut setup
has two ‘large’ particles in the
very  centre, immediately
surrounded by six ‘medium’
particles and with the eleven
‘small’ particles set nearer to
the edge of the arena.

It represents the  most
challenging  situation  from
which the segregation
behaviour can develop as the
segregation error beings at
roughly 100%.

Figure 0.XXI: Experiment 11A Starting Positions

Figure 0.XXII: Experiment 11A Final Segregation Pattern



1.4 FINAL ROBOT POSITION DATA

The final position data for the experiments summarised in Figure x is given below:

Experiment 1A 1B 1C 1D 1E

Group 5(0.20m) M (0.45m) |5{0.20m) M(0.45m) |5(0.20m)  M(0.45m) |S{0.20m) M (0.45m) |$({0.20m) M (0.45m)

Distance /m || oosBE ] o.asfl ozl | o077 0.2l o047 0.01 ] 0.25] call | oma
I o.os ] o.ssf] o1l ] o.4fl o1al]  os6ll 0.14 [ 0.33 o3l o34
£ ool o3l o19 | o6l oz1l] o6l 012l ] ozl o016 ] 0.7
K o.20 I T1.07l] o2s ] o.s7)l] o021 ] o0.9aff] o.20 I 1.3 o.1s I 3]s
] o.2a T h.13[l] 027 I 135l o.2s I 141 0.26 I 129 o.26 I 1.9b
B o.25s I 1]30[l] 0.31 Wheel {0.05) [I] o.2z I 1611 o.3a 1 54| 0.34 Wheel (0.35)
Il 0.33 | 0.40 0.31 | 0.39 I 0.35
| 0.34 | 0.42 Wheel (0.74) | ) | o4

Minimum || oosE | o.as( ozl | o7 [ Y o.01 L] 0.25] cull | om

Maximum || o.34 I 1]30[lF] o2z I 1kl oGN] os2 TSI oas 1A

Average || 0.1l o091l 027 o0.0aff] 020 ] o0.93|f] o.25 ] o920 024l J10a

Overlap No MNo No Yes No

H/W Errors 0 0 1 W W 0 1w 0 0 1w

Table 0.1: Experiment 1 Final Distances (Size Ratio 2.25)

Experiment A 2B 2C 2D 2E

Group S (0.20m) M (0.20m) [S(0.20m) M (0.20m) |5 (0.30m) M (0.30m) |[S(0.30m) M (0.30m) |S(0.20m) M (0.20m)

Distance /m | 012 0.15(l o.a1ll 0.10[] o.10l] 0.40l 0.10 ] 0.34] 0.05 [ 0.14
I 0.6 [ 0.17|H] 023 0.14(l] 017l oa7l o111l .43l o.10f 0.20
Kl 0.2 0.18(l] 0.36 ] 0.19|F] o.2l]  oa4s|lE] 0371  ossfl] 019 [l 0.36
| 0.30 [ 0.37[l] 038l 0.21E] o.l] o5l o3sl]  o.6olf] 0.26 I 0.45
Il 0.3l 0.38(] 0.38 [l 0.37[l] caall] onll] o] onll 026l o055
B oa7BE]  0asll] 0.43 [l 037 ]  os7EE] os2l] oss ] o.s7l] o2l o078
I o051 I 047 | o2 | EE | i 0.33
| YY) Stuck (0.70) | 0.4 B ] 0.9a | YT

Minimum ] 012 0.15[l] o1l 0.10[] o0l ] 0.40] 010l ] 0.34| 0.05[] 0.14

Maximum [0 | o062 ]  oasl] oavl] 037l ] osall | os2l | ooall | o571 caal ] o8

Average |I| 03501 0.29| ] 0.34[] 023 oaml] osslE]  oasl]  osoffl 0.24 ] 0.41

Overlap Yes Yes Yo Yes Yes

H/W Errors 0 1w 15t 0 0 0 1 0 0 1

Table 0.11: Experiment 2 Final Distances (Size Ratio 1.00)

Experiment 3A 3B 3C 3D 3E

Group 5 (0.20m) M (0.40m) [S(0.20m) M (0.40m) |5 (0.20m) M (0.40m) |[S(0.20m) M (0.40m) |[S(0.20m) M (0.40m)

Distance /m || oosBE] o4 o.0a ] 0.36[] 007l ]  o.66[l ool | o5 0.07 0.23
] 017B]  o.6s| oos ] ool o161 o.7afl o1l 0.2l cos ] 0.4
K 020l onfl 017l ] o.s0fl] 016 o.s3fl] o5l o.s2(l o1l 095
] o2l ] o77l ol ] oe3lll o1 osoll] 022 ] o.89lll o2l 122
K o.2s I 1.22[0 023 | o.ssff] o9l | 101l o.24 [l 1)25H] o.2s I 1]s2
L o.26 T 1 54|l o2zl h.1l o2l 1040 o.24 I 167 o.31 T 40
I 0.36 | 0.38 | 0.42 I 0.36 | 0.41
] o052 | 0.38 I oso | 0.41 Reset

Minimum || oosE | o044 o.0all ] 0.36( 007 | 0.6l ool | o065 0.07L] 0.23

Maximum [ |  os2l aball] ol hull]  oso |10l 0.41 | 0.41

Average || 025 | o6l o2l o7l 0250 | o6l 0.zl ] 10l o.21 ] 1.00

Overlap Yes Yes No No Yes

H/W Errors 0 0 0 0 0 0 0 1w IR, 25 1R

Table 0.111: Experiment 3 Final Distances (Size Ratio 2.00)




Experiment aa 1B ac aD 13
Group S (0.20m) M (0.36m) |S(0.20m) M (0.36m) |5 (0.20m) M (0.36m) |[S(0.20m) M (0.36m) |S(0.20m) M (0.36m)
Distance /m |[] oallE] o1 0.07 ] 0.41]] 0.07] 0.33 oal | o8| ool | o049
I o0l o6l o6l ] o072l ocu1ll]  osfl] call] o0l o.i7ll] om
I onnlE] ossll] o1zl ] o7 017 ] ossll oisBE] oe3ll o] o7
] 0.15 I ] o.92F] o2z o7l o1l o7l 017 o.57]H] 021l ] o7
] 0.16 I ] 0.92[] o.2s ] o.89l] o33 o.s0lE] o.27 133 o26 | 0.2
| 0.29 Reset | 039 Joozll] o5l 1)sl] 0.31 Battery | 0.27
| & 0.33 | Y Battery B o4 Il 0.28
I o047 Reset Reset Battery | 0.37
Minimum ] o0l | os1f 0070 | 0.41]] 007 ] 0.38] [y oo6l | o043
Maximum [ ]  oa7l oozl oas BT oozl oss T 1] o T aas|l] 0.37
Average  |[] .2l o7:|H o2l ] o.7:(H o5l ] o7l o021l o7l 023 ] o83
Overlap No Yes Yes No No
H/W Errors 1w 1R 2R 0 2B, 1R 0 1B 1B 0 0
Table 0.1V: Experiment 4 Final Distances (Size Ratio 1.80)
Experiment SA 5B 5C 5D SE
Group 5(0.20m) M ({0.32m) |S{0.20m)] M(0.32m) |5(0.20m) M(0.32m) |S{0.20m) M (0.32m) |$({0.20m) M (0.32m)
Distance /m [stuck (0.15) |  0.3s o.oal | o.s6f 006 | oa7ll] 015 ] o041 o.oil | os4
I .07 ] .61l o2 o.62(] 0.07 ] .66l o5 os3fl] o1l ] oss
[l o.11 ] o.64] o.16 I | o0.68] 0.15 | .66 o5l o5l 020 o8
Kl o.19 T d.ssl] o.20 B d.ss|l] 0.16 | 0.67[] 0.2l o.60[] o.21 I §.51
I o5 0.3 L 0.3 olzslf]  o.23 I o)1 |l 0.3 [l d.83
] oG oz TR 023 T 1do|ll]  os31skir(0.02) [ o.2a I 0b2
B o4s I o033 I o3 ] o038 | & 0.25
Battery B o3 | R B 043 | 4 0.25
| T I o040 ] o049 |
B o045 ] 04 B o5 B o040
B os7 I o0as B ] o059 B o4z
B oss Stuck (0.15) B o0as
skirt (0.22) ] os2
Minimum | 007l | o3| ooal | o.s6( oos | oa7l] 05l | o041 o.oil | os4
Maximum || o046 ] os7 ] oss Gl ] o.ss I ol ] os: I ob:
Average |I| o.24 [l o751 o.2s T b.51]l0] 0.9l Jo7l] o3l ] o.60ll] o2 o1
Overlap Yes Yes Yes Yes No
H/WErrors | 1B, 15t 1R 1R 0 2R 0 15t, 15k 15k 3R 1R
Table 0.V: Experiment 5 Final Distances (Size Ratio 1.60)
Experiment 6A 6B 6C 6D 6E
Group 5 (0.20m) M (0.28m)  [S(0.20m) M (0.28m) |5 (0.20m) M (0.28m) |[S(0.20m) M (0.28m)  |S(0.20m) M (0.28m)
Distance /m || oosBE | o.36]] 0.06 ] o0.21[f] o.10f 0.08[] [l R .04l ] 0.24
I 0.0l Jo.61(l] o0l o4l o1l ] oasl] 0171 o.4s(l] oos ] o04s
Kl o.16 I ] o.61F] o0.16 I 0.60(l] o241 oso0llf] 020l ] o051l o9l | o054
| o.15 I Jo.62]H] o.17 I 4.7l o.26 I Jo.6a[l] o.21 ] 0.60
I o.19 [ o.67[l] o2s I g7l o2z loss|lE] ozl .1
| o.26 N osbl] o3 N GoEE] oo N o] 0.24 Skirt (0.09)
I o030 B 03 0.30 | 0.32
I o030 | YY) 0.38 | 0.32
I o031 B o4 | oas | 0.46
| R B o0as B oso | ] oso
| T ] o049 ] 054 ] o | 054
B oso ] o049 | 058 B [o.66 ] o0ss
] 057 Stuck (0.26) Skirt (0.11) skirt (0.08) | Y
Minimum || 005 | o036 [ o.21]ll o.10l 0.08[] o4l | 0.24
Maximum [ | o570 09|l ] o049 G IE | o.sz IOk [l Jo.cc I o7l o T b.11
average [[l] ol Joell] o3l JoslE] o:all ] os3lE] ol JosslE] o3l os1
Overlap Yes Yes Yes Yes Yes
H/W Errors 3R 1R 1St, 2R 0 15k 1R 15k 0 1R 15k, 1R

Table 0.VI: Experiment 6 Final Distances (Size Ratio 1.40)



Experiment A 7B 7c D 7E
Group 5(0.20m) M ({0.24m) |5{0.20m)] M({0.24m) |5(0.20m)  M(0.24m) [S{0.20m) M (0.24m) |$({0.20m) M (0.24m)
Distance /m | 0oil ] o4l ool ] o030l 0.2l | ossfl o.os ] o.a3fll ool | o043
] o.10l] oasfl] o1l o.52(H] o.13 [ osslE] o] oas|l] o.20l] oas
I o5l ] o.asl] 017 ] o.s5sE] 0.19 I Jo.60(l] o.19 [ o581 o2zl ] os1
| o.19 ] o.55(l] o.20 IIING.31 o.20 T b.65l] o.19 [ d.72 [l o.24l Jo.60
] o026 Jos2(lf]  0.28 Battery o.22 [l ¢.70(lF] 0.20 053] o2 I ol
| | 0.27 I 0.0 skirt(0.09) |IE] 0.25 Skirt (0.08) 0.25 Stuck (0.15) [BE]  0.31 Skirt (0.06)
] o034 I o030 I o2 0.27 ] o0
| T ] o033 B o2 0.33 | T
B o039 | T I o033 0.36 | om
| B o040 B o3 ] oa ] 057
] 051 B o042 I o040 ] o047 I o3
I Jo.c4
skirt (0.07)
Minimum L ool | o043
Maximum ‘:0.64 ﬂ?«l
average I ] oW Joss] ol JossE] oW Joe2[l] 0B Jos ] o3l ] oss
Overlap Yes Yes Yes Yes Yes
H/W Errors 2R 1R 3R 18, 15k SR 1R, 15k 1R 15t 3R, 15k 15k
Table 0.VII: Experiment 7 Final Distances (Size Ratio 1.20)
Experiment 8A 8B 8c 8D 8E
Group 5 (0.20m) M (0.60m) |[S(0.20m) M (0.60m) |5 (0.20m) M (0.60m) |[S(0.20m) M (0.60m) |S(0.20m) M (0.60m)
Distance /m || oosl ] o063 0.05 | .49 oo6 | o3 oosB ] os6f ool ] os2
I o1l o6l 017l o.7s(l o5l o7fl ozl onfl o1l o6
I oasl ] o7sfll o017 ] 102l 017 ] o.99(] ozl o7l ozl o7
] 0.20 T 1las(l] 017 1.22[H o.27 I 3 330 o.14 [l .30l o.19 I oo
] o.20 1 54 o.21 I 141 o.20 1350 o.21 [ 1.36[ o2l § .31
E 0.23 Stuck (1.19) 0.25 Stuck (1.38) [l o.20 I 70 0.20 I 1 s o2 I 16
Kl 0.27 0.28 | A 0.38 0.32 0.25
El 0.30 0.36 | 0.38 0.33 0.27
El 0.30 0.37 I 0.38 0.33 0.36
| 0.32 0.38 | A 0.40 0.35 0.43
| i 0.36 0.38 I o059 0.35 0.44
| 0.42 0.40 B o7 0.58 0.51
I o057 0.71 Stuck (0.17) 0.62 0.73
Minimum || 0oel | o063 00sB] 0.9 006l | o063 00sl | o056 o] o052
Maximum [E2]  0.57 onn il 6] o7 0.62 o7z 16>
Average || 0.7l ] 101l 030l | 1.02]0] 03l 1160 030l | 1.08]0] o1l 102
Overlap No Yes Yes Yes Yes
H/W Errors 0 15t 2R 15t 15t 2R 2R 0 3R 1B
Table 0.VIII: Experiment 8 Final Distances (Size Ratio 3.00)
Experiment 9A 9B ac 9D 9E
Group S (0.20m) M (0.50m) |[S(0.20m) M (0.50m) |5 (0.20m) M (0.50m) S (0.20m) M (0.50m) |[S(0.20m) M (0.50m)
Distance /m || [y Y 0.06 | 0.44] coal]  os7| o.0sl] .45 w7l | o7
[ 017l] 0.5l ozl o.ss(l o3l os1f cos ] o073 oo7l] o081
[ osll] o7l 015 I | 1.09(ll o5l o.4fl o1l ] o092l ozl (119
I o.19 T 1510 o.2s I 135 o.20 T §3s50] o.15 I .34l o.16 I §.34
I 0.2z L7 1 024 T 16zl 021 I .40l o.20 I T &6l 0.24
Kl 0.26 Selector K 0.30 Selector | 0.27 selector |l 0.25 Selector Kl 0.26 Selector
I 0.30 Kl 0.31 Kl 0.30 Kl 0.30 Kl 0.26
| 0.33 | 0.35 El 0.31 Kl 0.31 | 0.28
I 0.35 | 0.37 Il 0.35 Il 0.35 I 0.30
| 0.38 | A 0.41 | 0.38 | A 0.41 | 0.37
| 0.47 I o054 | A 0.41 | 0.42 Il 0.37
| A 0.51 ] o063 | 0.49 | 0.46 | 0.43
I o059 Battery | I | 0.47 ] 0.46
Minimum || ooall | o1 [ 0.44 oall |  os7 [ .45 w7l | om
Maximum [ ]  oso T 17| o063 ~ 168 os1 T 140 0.47 | M 0.46
Average || 031 ] 106 031 109 029 ] os9ff] 0.2 | 1.06f] o026l 118
Overlap No Yes No Yes No
H/W Errors SR 2R 4R 2R 1R 1R 3R 2R 15k 1R, 1B

Table 0.I1X: Experiment 9 Final Distances (Size Ratio 2.50)



Experiment 10A 108 10D 10E
Group 5(0.20m) M (0.30m) L(0.45m)  |5(0.20m) M (0.30m) L{0.45m)  |S(0.20m) M (0.30m)  L{0.45m)  |$(0.20m) M (0.30m]L(0.45m) |5 (0.20m) M (0.30m} L (0.45m)
Distance /m || o.1z] oos B | o092 o] oas I 12s]l 009lE] os3sE ] ossf 009l o3 112 0.08 ] 043 ] o0.ss]

1] o26] oca 107l ocsl]  o0se ] o0 ]  oss I Jias|l ol os2 LA oo ]  oso [l 1l

() 027l o070 (1 01sl] o064 ] o1l o0.64 (] o1l o.60 (] o] 0.0

(] 027l ] oss 1] o] o70 I 0.2l] o069 il 019 ] o066 i o1sl] o07a

(] o2l ] 095 (1 o] on D o2all] o7 B 0.20 ] 0.76 B o200 o081

(] 0.35 Skirt (0.17) (1] 025l ] 0.4 (] 03] o081 ] o.2s 117 (] o.26 ] 1.03

(] 0.35 (] 0.27 Il 0.33 Il 0.31 I 0.26

[ 0.44 () 0.27 = 0.35 (] 0.35 () 0.37

B os3 [} 041 = 0.40 (] 0.35 (| 0.41

Battery [ 0.42 il 0.43 Il 0.36 ] o7

Battery B os3 | 0.49 (] 0.38 M o.s0
Minimum |[] 0.12] 0.06 0.92[] onnll | o04s 1.28( o0sl | o053 0.95(] 009 ] 038 1.12[l 00sl] o4l ]o.ss|
Maximum || o053 olss 107l ] o.63 I alsa 168l ] oas I Jo.s1 1160 o038 147 o.z0 I 103
Average || 032 ] 065 0.995(] o281 0.67 1as|ll] 029 | 066 1.0551| 0.25s 0 h.68 12950 | 0.32 ] o.70 I 112
Overlap Yes Yes Yes No No No Yes Yes Yes
H/WErors | 1R 1R R | 1R R | =& 3R o R | 3R 1R 1R

Table 0.X: Experiment 10 Final Distances (Size Ratio 1.50)

Experiment 11A
Group S (0.20m) M (0.30m)  L{0.45m)
Distance /m 0osBE]  oas I 10/
I oos BT o052
n ol os:
Ul 0.15 I D 57
Al 0.20 I d.s9
m 0.22 I 0lsy
i 0.25
| R
] o038
] o041
] os3
Minimum || 0osBE]  oas I 107
Maximum [ | 0.3l olss
Average |1 ozl 071
overlap Yes No
H/W Errors 2R o 0

Table 0.XI: Experiment 11 Final Distances (Size Ratio 1.50)
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