LAMPIRAN 1

DOKUMENTASI ALAT
B ol o : | '

KESELURUHAN SISTEM
QUADCOPTER
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LAMPIRAN 2
DATA PENGUJIAN



Data pengujian seluruh sistem Quadcopter dengan setpoint 0°

Setpoint Roll Pitch Yaw Error Roll | Error Pith | Error Yaw
0 0.1 0 -0.12 -0.1 0 0.12
0 0.11 0.02 0.03 -0.11 -0.02 -0.03
0 0.05 0 0.12 -0.05 0 -0.12
0 0.05 0 0.26 -0.05 0 -0.26
0 0.1 0 0.41 -0.1 0 -0.41
0 0.12 0.03 0.45 -0.12 -0.03 -0.45
0 0.08 0.02 0.52 -0.08 -0.02 -0.52
0 0.09 -0.01 0.56 -0.09 0.01 -0.56
0 0.09 -0.03 0.57 -0.09 0.03 -0.57
0 0.1 0 0.68 -0.1 0 -0.68
0 0.08 -0.04 0.66 -0.08 0.04 -0.66
0 0.1 -0.03 0.6 -0.1 0.03 -0.6
0 0.14 -0.04 0.55 -0.14 0.04 -0.55
0 0.1 0.02 0.52 -0.1 -0.02 -0.52
0 0.09 0.06 0.47 -0.09 -0.06 -0.47
0 0.13 0.1 0.44 -0.13 -0.1 -0.44
0 0.13 0.08 0.49 -0.13 -0.08 -0.49
0 0.13 0.07 0.48 -0.13 -0.07 -0.48
0 0.2 0.08 0.39 -0.2 -0.08 -0.39
0 0.17 0.04 0.47 -0.17 -0.04 -0.47
0 0.15 0.04 0.49 -0.15 -0.04 -0.49
0 0.15 0.07 0.57 -0.15 -0.07 -0.57
0 0.15 0.08 0.61 -0.15 -0.08 -0.61
0 0.17 0.1 0.64 -0.17 -0.1 -0.64
0 0.16 0.1 0.65 -0.16 -0.1 -0.65
0 0.17 0.09 0.56 -0.17 -0.09 -0.56
0 0.21 0.06 0.52 -0.21 -0.06 -0.52
0 0.22 0.02 0.53 -0.22 -0.02 -0.53
0 0.13 0.04 0.51 -0.13 -0.04 -0.51
0 0.13 0.07 0.44 -0.13 -0.07 -0.44
0 0.12 0.06 0.44 -0.12 -0.06 -0.44
0 0.13 0.08 0.41 -0.13 -0.08 -0.41
0 0.12 0.1 0.45 -0.12 -0.1 -0.45
0 0.13 0.08 0.47 -0.13 -0.08 -0.47
0 0.14 0.06 0.52 -0.14 -0.06 -0.52
0 0.15 0.05 0.46 -0.15 -0.05 -0.46
0 0.12 0.05 0.47 -0.12 -0.05 -0.47
0 0.09 0.03 0.52 -0.09 -0.03 -0.52
0 0.13 0.07 0.48 -0.13 -0.07 -0.48
0 0.14 0.12 0.51 -0.14 -0.12 -0.51
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0 0.08 0.1 0.53 -0.08 -0.1 -0.53
0 0.07 0.13 0.47 -0.07 -0.13 -0.47
0 0.1 0.08 0.45 -0.1 -0.08 -0.45
0 0.11 0.12 0.55 -0.11 -0.12 -0.55
0 0.15 0.1 0.54 -0.15 -0.1 -0.54
0 0.14 0.08 0.51 -0.14 -0.08 -0.51
0 0.18 0.09 0.45 -0.18 -0.09 -0.45
0 0.18 0.09 0.44 -0.18 -0.09 -0.44
0 0.21 0.08 0.45 -0.21 -0.08 -0.45
0 0.18 0.07 0.44 -0.18 -0.07 -0.44
0 0.15 0.09 0.48 -0.15 -0.09 -0.48
0 0.12 0.09 0.42 -0.12 -0.09 -0.42
0 0.06 0.06 0.58 -0.06 -0.06 -0.58
0 0.11 0.11 0.56 -0.11 -0.11 -0.56
0 0.12 0.12 0.46 -0.12 -0.12 -0.46
0 0.14 0.12 0.4 -0.14 -0.12 -0.4
0 0.17 0.1 0.41 -0.17 -0.1 -0.41
0 0.21 0.1 0.44 -0.21 -0.1 -0.44
0 0.15 0.13 0.53 -0.15 -0.13 -0.53
0 0.17 0.15 0.53 -0.17 -0.15 -0.53
0 0.17 0.14 0.5 -0.17 -0.14 -0.5
0 0.13 0.16 0.5 -0.13 -0.16 -0.5
0 0.11 0.12 0.56 -0.11 -0.12 -0.56
0 0.09 0.11 0.59 -0.09 -0.11 -0.59
0 0.14 0.1 0.53 -0.14 -0.1 -0.53
0 0.16 0.12 0.55 -0.16 -0.12 -0.55
0 0.18 0.09 0.56 -0.18 -0.09 -0.56
0 0.18 0.1 0.48 -0.18 -0.1 -0.48
0 0.18 0.07 0.47 -0.18 -0.07 -0.47
0 0.19 0.13 0.41 -0.19 -0.13 -0.41
0 0.17 0.13 0.4 -0.17 -0.13 -0.4
0 0.13 0.09 0.46 -0.13 -0.09 -0.46
0 0.12 0.04 0.5 -0.12 -0.04 -0.5
0 0.09 0.03 0.5 -0.09 -0.03 -0.5
0 0.08 0.04 0.54 -0.08 -0.04 -0.54
0 0.1 0.05 0.46 -0.1 -0.05 -0.46
0 0.09 0.05 0.42 -0.09 -0.05 -0.42
0 0.13 0.05 0.45 -0.13 -0.05 -0.45
0 0.17 0.07 0.47 -0.17 -0.07 -0.47
0 0.24 0.11 0.45 -0.24 -0.11 -0.45
0 0.2 0.02 0.45 -0.2 -0.02 -0.45
0 0.24 0.02 0.47 -0.24 -0.02 -0.47
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0 0.25 -0.03 0.56 -0.25 0.03 -0.56
0 0.22 -0.02 0.56 -0.22 0.02 -0.56
0 0.15 -0.01 0.43 -0.15 0.01 -0.43
0 0.2 0.02 0.39 -0.2 -0.02 -0.39
0 0.27 -0.03 0.47 -0.27 0.03 -0.47
0 0.2 0 0.49 -0.2 0 -0.49
0 0.17 -0.09 0.47 -0.17 0.09 -0.47
0 0.2 -0.08 0.45 -0.2 0.08 -0.45
0 0.22 0.03 0.52 -0.22 -0.03 -0.52
0 0.16 -0.03 0.36 -0.16 0.03 -0.36
0 0.14 -0.02 0.39 -0.14 0.02 -0.39
0 -0.08 -0.21 0.38 0.08 0.21 -0.38
0 -0.01 -0.23 0.31 0.01 0.23 -0.31
0 0.07 -0.19 0.36 -0.07 0.19 -0.36
0 0.05 -0.11 0.42 -0.05 0.11 -0.42
0 0.14 -0.02 0.58 -0.14 0.02 -0.58
0 0.11 -0.03 0.64 -0.11 0.03 -0.64
0 0.16 -0.02 0.61 -0.16 0.02 -0.61
0 0.1 -0.04 0.68 -0.1 0.04 -0.68
0 0.2 -0.42 0.63 -0.2 0.42 -0.63
0 0.23 -0.6 0.51 -0.23 0.6 -0.51
0 0.42 -0.35 0.52 -0.42 0.35 -0.52
0 0.53 0.05 0.36 -0.53 -0.05 -0.36
0 0.58 -0.04 0.47 -0.58 0.04 -0.47
0 0.67 0.08 0.53 -0.67 -0.08 -0.53
0 1.04 0.35 0.71 -1.04 -0.35 -0.71
0 0.78 0.18 1.44 -0.78 -0.18 -1.44
0 1 -0.4 1.79 -1 0.4 -1.79
0 1 -0.89 1.59 -1 0.89 -1.59
0 0.92 -0.95 0.92 -0.92 0.95 -0.92
0 0.83 -0.1 0.17 -0.83 0.1 -0.17
0 -0.81 0.17 0.04 0.81 -0.17 -0.04
0 -2.09 0.8 -0.18 2.09 -0.8 0.18
0 -2.28 0.9 -0.21 2.28 -0.9 0.21
0 -0.53 0.25 0.08 0.53 -0.25 -0.08
0 1.8 -0.99 0.37 -1.8 0.99 -0.37
0 3.44 -1.26 0.32 -3.44 1.26 -0.32
0 2.81 0.1 0.4 -2.81 -0.1 -0.4
0 0.37 1.66 0.42 -0.37 -1.66 -0.42
0 -1.59 2.59 -0.28 1.59 -2.59 0.28
0 -1.54 2.36 -0.47 1.54 -2.36 0.47
0 -0.36 0.96 -0.24 0.36 -0.96 0.24
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0 1.59 -0.45 0.42 -1.59 0.45 -0.42
0 2.37 -1.22 0.93 -2.37 1.22 -0.93
0 1.22 -0.97 0.71 -1.22 0.97 -0.71
0 -0.21 -0.21 0.43 0.21 0.21 -0.43
0 -0.22 0.25 0.21 0.22 -0.25 -0.21
0 0.49 0.1 0.14 -0.49 -0.1 -0.14
0 0.51 -0.2 -0.08 -0.51 0.2 0.08
0 -0.26 0.34 -0.35 0.26 -0.34 0.35
0 -0.76 0.44 -0.27 0.76 -0.44 0.27
0 0.07 -0.56 0.04 -0.07 0.56 -0.04
0 1.64 -2.31 0.09 -1.64 231 -0.09
0 -0.06 -0.98 0.12 0.06 0.98 -0.12
0 -1.22 0.25 -0.3 1.22 -0.25 0.3
0 -0.64 0.16 -0.31 0.64 -0.16 0.31
0 -0.63 0.07 -0.39 0.63 -0.07 0.39
0 -0.68 0.16 -0.26 0.68 -0.16 0.26
0 -0.71 0.23 -0.24 0.71 -0.23 0.24
0 -0.8 0.22 -0.07 0.8 -0.22 0.07
0 -0.74 0.22 0.06 0.74 -0.22 -0.06
0 -0.65 0.11 0.22 0.65 -0.11 -0.22
0 -0.52 0.05 0.22 0.52 -0.05 -0.22
0 -0.38 0.02 0.27 0.38 -0.02 -0.27
0 -0.31 -0.01 0.33 0.31 0.01 -0.33
0 -0.28 -0.11 0.41 0.28 0.11 -0.41
0 -0.25 -0.12 0.44 0.25 0.12 -0.44
0 -0.18 -0.13 0.42 0.18 0.13 -0.42
0 -0.08 -0.08 0.43 0.08 0.08 -0.43
0 -0.08 -0.11 0.37 0.08 0.11 -0.37
0 -0.03 -0.06 0.34 0.03 0.06 -0.34
0 0.06 -0.04 0.37 -0.06 0.04 -0.37
0 0.06 -0.02 0.39 -0.06 0.02 -0.39
0 0.03 0.02 0.31 -0.03 -0.02 -0.31
0 0.06 -0.02 0.36 -0.06 0.02 -0.36
0 0.04 -0.03 0.43 -0.04 0.03 -0.43
0 0.05 0.02 0.45 -0.05 -0.02 -0.45
0 0.06 0.05 0.41 -0.06 -0.05 -0.41
0 0.12 0.06 0.4 -0.12 -0.06 -0.4
0 0.08 0.08 0.41 -0.08 -0.08 -0.41
0 0.06 0.09 0.37 -0.06 -0.09 -0.37
0 0.05 0.05 0.28 -0.05 -0.05 -0.28
0 0.07 0.02 0.31 -0.07 -0.02 -0.31
0 0.11 -0.05 0.33 -0.11 0.05 -0.33
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0 0.16 -0.06 0.33 -0.16 0.06 -0.33
0 0.17 -0.02 0.38 -0.17 0.02 -0.38
0 0.14 -0.03 0.41 -0.14 0.03 -0.41
0 0 -0.19 0.47 0 0.19 -0.47
0 0.11 -0.55 0.51 -0.11 0.55 -0.51
0 0.33 -0.63 0.43 -0.33 0.63 -0.43
0 0.23 -0.74 0.34 -0.23 0.74 -0.34
0 0.37 -0.23 0.37 -0.37 0.23 -0.37
0 -0.22 0.95 0.4 0.22 -0.95 -0.4
0 -0.35 1.66 0.77 0.35 -1.66 -0.77
0 -0.61 1.58 0.78 0.61 -1.58 -0.78
0 -0.56 0.89 0.41 0.56 -0.89 -0.41
0 -0.41 0.28 0.04 0.41 -0.28 -0.04
0 0.72 -0.14 -0.07 -0.72 0.14 0.07
0 1.65 0.18 0.1 -1.65 -0.18 -0.1
0 1.59 0.71 0.51 -1.59 -0.71 -0.51
0 0.2 0.74 0.53 -0.2 -0.74 -0.53
0 -1.58 0.94 0.23 1.58 -0.94 -0.23
0 -0.63 -0.27 0.54 0.63 0.27 -0.54
0 0.39 -0.25 0.7 -0.39 0.25 -0.7
0 1.42 -0.45 0.84 -1.42 0.45 -0.84
0 2.69 -0.55 1.04 -2.69 0.55 -1.04
0 2.65 -0.67 1.21 -2.65 0.67 -1.21
0 1.77 -0.3 0.97 -1.77 0.3 -0.97
0 0.57 0.49 0.56 -0.57 -0.49 -0.56
0 -0.54 1.11 0.08 0.54 -1.11 -0.08
0 -0.6 0.9 -0.25 0.6 -0.9 0.25
0 0.64 0.14 0.07 -0.64 -0.14 -0.07
0 2.17 -1.13 0.64 -2.17 1.13 -0.64
0 231 -1.36 0.83 -2.31 1.36 -0.83
0 0.67 -0.65 0.51 -0.67 0.65 -0.51
0 -0.64 0.29 0.2 0.64 -0.29 -0.2
0 -0.92 0.34 -0.26 0.92 -0.34 0.26
0 0.19 -0.27 -0.11 -0.19 0.27 0.11
0 1.44 -0.95 0.4 -1.44 0.95 -0.4
0 1.84 -1.23 0.99 -1.84 1.23 -0.99
0 2.4 -0.53 1.32 -2.4 0.53 -1.32
0 2.38 -0.04 1.37 -2.38 0.04 -1.37
0 1.76 -0.51 0.86 -1.76 0.51 -0.86
0 0.93 -0.73 0.43 -0.93 0.73 -0.43
0 -0.22 -0.35 0.29 0.22 0.35 -0.29
0 -1.15 0.47 0.43 1.15 -0.47 -0.43
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0 -1.17 1.19 0.45 1.17 -1.19 -0.45
0 -0.77 0.86 0.02 0.77 -0.86 -0.02
0 0.05 0.19 0.01 -0.05 -0.19 -0.01
0 1.27 -0.86 0.26 -1.27 0.86 -0.26
0 1.59 -1.02 0.55 -1.59 1.02 -0.55
0 0.65 -0.16 0.65 -0.65 0.16 -0.65
0 -0.68 0.67 0.48 0.68 -0.67 -0.48
0 -0.96 0.7 0.32 0.96 -0.7 -0.32
0 -0.6 0.21 0.62 0.6 -0.21 -0.62
0 0.33 -0.18 1.77 -0.33 0.18 -1.77
0 1.56 -0.8 2.21 -1.56 0.8 -2.21
0 1.32 -0.94 0.95 -1.32 0.94 -0.95
0 -0.64 0.16 -0.11 0.64 -0.16 0.11
0 -1.95 1.17 -0.18 1.95 -1.17 0.18
0 -1.2 0.69 0.09 1.2 -0.69 -0.09
0 0.54 -0.51 0.62 -0.54 0.51 -0.62
0 1.2 -0.97 0.68 -1.2 0.97 -0.68
0 0.31 -0.17 0.5 -0.31 0.17 -0.5
0 -0.07 0.49 0.26 0.07 -0.49 -0.26
0 0.69 0.11 0.17 -0.69 -0.11 -0.17
0 1 -0.59 -0.08 -1 0.59 0.08
0 0.51 -0.33 -0.13 -0.51 0.33 0.13
0 -0.4 0.87 -0.18 0.4 -0.87 0.18
0 -0.93 1.65 0.06 0.93 -1.65 -0.06
0 -0.07 0.93 0.2 0.07 -0.93 -0.2
0 1.08 -0.55 0.15 -1.08 0.55 -0.15
0 1.32 -0.76 0.17 -1.32 0.76 -0.17
0 0.06 0.35 0.05 -0.06 -0.35 -0.05
0 -1.13 1.39 -0.09 1.13 -1.39 0.09
0 -1.09 1.15 0.26 1.09 -1.15 -0.26
0 0.21 -0.24 0.58 -0.21 0.24 -0.58
0 1.97 -1.29 0.91 -1.97 1.29 -0.91
0 2.29 -1.78 0.72 -2.29 1.78 -0.72
0 0.65 -0.87 0.27 -0.65 0.87 -0.27
0 -1.49 0.92 -0.06 1.49 -0.92 0.06
0 -1.95 1.81 -0.01 1.95 -1.81 0.01
0 -0.19 0.9 0.48 0.19 -0.9 -0.48
0 1.92 -1.29 0.74 -1.92 1.29 -0.74
0 2.47 -2.7 0.6 -2.47 2.7 -0.6
0 1.22 -1.57 0.45 -1.22 1.57 -0.45
0 -0.46 0.51 0.37 0.46 -0.51 -0.37
0 -1.15 1.44 0.47 1.15 -1.44 -0.47
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0 -0.27 1.06 0.76 0.27 -1.06 -0.76
0 0.85 0.11 0.87 -0.85 -0.11 -0.87
0 0.76 -0.38 0.62 -0.76 0.38 -0.62
0 -0.46 0.42 0.11 0.46 -0.42 -0.11
0 -1.56 1.44 -0.13 1.56 -1.44 0.13
0 -0.91 1.48 0.1 0.91 -1.48 -0.1
0 0.87 0.26 0.56 -0.87 -0.26 -0.56
0 1.9 -1.8 0.66 -1.9 1.8 -0.66
0 1.66 -1.47 0.38 -1.66 1.47 -0.38
0 0.07 0.78 0.25 -0.07 -0.78 -0.25
0 -1.04 2.76 0.31 1.04 -2.76 -0.31
0 -1.35 2.42 0.39 1.35 -2.42 -0.39
0 -0.66 -0.16 0.3 0.66 0.16 -0.3
0 1.09 -1.49 0.06 -1.09 1.49 -0.06
0 1.62 -0.64 -0.02 -1.62 0.64 0.02
0 0.94 1.31 0.44 -0.94 -1.31 -0.44
0 -0.22 1.91 0.67 0.22 -1.91 -0.67
0 -0.87 0.48 0.36 0.87 -0.48 -0.36
0 0.2 -0.4 0.24 -0.2 0.4 -0.24
0 1.07 -0.28 0.55 -1.07 0.28 -0.55
0 1.06 0.24 0.77 -1.06 -0.24 -0.77
0 0.09 -0.13 0.66 -0.09 0.13 -0.66
0 -0.66 -1.19 0.19 0.66 1.19 -0.19
0 -0.12 -0.66 -0.14 0.12 0.66 0.14
0 0.39 0.74 0.47 -0.39 -0.74 -0.47
0 0.37 1.26 1.22 -0.37 -1.26 -1.22
0 -0.39 -0.61 0.83 0.39 0.61 -0.83
0 0.03 -1.77 0.27 -0.03 1.77 -0.27
0 1.09 -1.07 0.11 -1.09 1.07 -0.11
0 1.24 0.27 0.61 -1.24 -0.27 -0.61
0 0.31 0.16 0.84 -0.31 -0.16 -0.84
0 -0.76 -1.51 0.15 0.76 1.51 -0.15
0 0.07 -1.08 -0.56 -0.07 1.08 0.56
0 -0.11 0.06 -0.52 0.11 -0.06 0.52
0 -0.74 1.22 0.19 0.74 -1.22 -0.19
0 -0.83 1.26 0.56 0.83 -1.26 -0.56
0 -0.41 0.07 0.43 0.41 -0.07 -0.43
0 0.46 -1.3 0.28 -0.46 1.3 -0.28
0 14 -0.68 0.6 -1.4 0.68 -0.6
0 1.05 0.65 1.03 -1.05 -0.65 -1.03
0 -0.46 0.67 0.8 0.46 -0.67 -0.8
0 -1.38 -0.5 -0.04 1.38 0.5 0.04
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0 -0.48 -0.64 -0.54 0.48 0.64 0.54
0 0.83 0.11 -0.15 -0.83 -0.11 0.15
0 1.22 0.4 0.56 -1.22 -0.4 -0.56
0 0.5 -0.57 1.11 -0.5 0.57 -1.11
0 -0.01 -1.71 1.03 0.01 1.71 -1.03
0 1.03 -0.58 0.47 -1.03 0.58 -0.47
0 0.98 0.86 0.22 -0.98 -0.86 -0.22
0 0.08 1.31 0.34 -0.08 -1.31 -0.34
0 -0.7 -0.16 0.31 0.7 0.16 -0.31
0 -0.31 -1.51 -0.02 0.31 1.51 0.02
0 0.13 -1.93 -0.47 -0.13 1.93 0.47
0 0.77 -0.41 -0.25 -0.77 0.41 0.25
0 1.03 1.36 0.47 -1.03 -1.36 -0.47
0 -0.24 1.02 0.93 0.24 -1.02 -0.93
0 -1.26 -0.19 0.65 1.26 0.19 -0.65
0 -0.61 -0.22 0.08 0.61 0.22 -0.08
0 0.22 0.41 -0.04 -0.22 -0.41 0.04
0 1.17 1.72 0.15 -1.17 -1.72 -0.15
0 0.29 1.27 0.67 -0.29 -1.27 -0.67
0 -1.18 -0.95 0.89 1.18 0.95 -0.89
0 -0.64 -1.78 0.39 0.64 1.78 -0.39
0 0.34 -1.15 0.22 -0.34 1.15 -0.22
0 0.59 0.44 0.49 -0.59 -0.44 -0.49
0 0.25 1.68 0.75 -0.25 -1.68 -0.75
0 -0.53 0.8 0.76 0.53 -0.8 -0.76
0 -0.78 -1.24 0.46 0.78 1.24 -0.46
0 0.13 -1.89 -0.14 -0.13 1.89 0.14
0 141 0.01 0.08 -1.41 -0.01 -0.08
0 1.75 2.21 0.76 -1.75 -2.21 -0.76
0 0.31 1.92 1.4 -0.31 -1.92 -14
0 -1.76 -1.12 0.71 1.76 1.12 -0.71
0 -0.77 -1.87 -0.7 0.77 1.87 0.7
0 0.2 -1.19 -0.68 -0.2 1.19 0.68
0 0.86 0.71 0.37 -0.86 -0.71 -0.37
0 0.88 1.91 1.6 -0.88 -1.91 -1.6
0 0.77 1.85 1.64 -0.77 -1.85 -1.64
0 -0.2 -0.38 0.47 0.2 0.38 -0.47
0 -0.41 -1.55 -11 0.41 1.55 11
0 -0.28 -0.58 -1.67 0.28 0.58 1.67
0 -0.12 2.05 -0.61 0.12 -2.05 0.61
0 -0.42 3.56 1.13 0.42 -3.56 -1.13
0 -0.79 2.16 1.69 0.79 -2.16 -1.69
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0 -0.16 -0.13 0.79 0.16 0.13 -0.79
0 0.28 -1.43 -0.15 -0.28 1.43 0.15
0 0.46 -0.2 -0.39 -0.46 0.2 0.39
0 0.54 2.06 0.02 -0.54 -2.06 -0.02
0 0.26 2.39 1.18 -0.26 -2.39 -1.18
0 0.29 0.14 1.54 -0.29 -0.14 -1.54
0 1.03 -2.3 0.83 -1.03 2.3 -0.83
0 0.91 -3.4 -0.41 -0.91 34 0.41
0 0.05 -1.46 -1.01 -0.05 1.46 1.01
0 -11 1.69 -0.71 11 -1.69 0.71
0 -2.29 3.33 0.2 2.29 -3.33 -0.2
0 -1.73 2.53 0.77 1.73 -2.53 -0.77
0 -0.88 0.51 0.34 0.88 -0.51 -0.34
0 -0.44 -0.61 -0.69 0.44 0.61 0.69
0 -1.29 -0.51 -1.5 1.29 0.51 1.5

0 -1.58 0.97 -1.08 1.58 -0.97 1.08
0 -0.74 1.67 0.65 0.74 -1.67 -0.65
0 111 0.8 2.3 -1.11 -0.8 -2.3
0 2.6 -1.56 2.07 -2.6 1.56 -2.07
0 1.95 -2.62 0.64 -1.95 2.62 -0.64
0 -0.32 -1.8 -0.93 0.32 1.8 0.93
0 -2.54 0.54 -1.28 2.54 -0.54 1.28
0 -2.7 2.11 -0.4 2.7 -2.11 0.4

0 -0.98 1.88 1.06 0.98 -1.88 -1.06
0 1.19 -0.28 1.72 -1.19 0.28 -1.72
0 2.33 -2.37 1.11 -2.33 2.37 -1.11
0 1.43 -2.07 -0.31 -1.43 2.07 0.31
0 -1.21 0.04 -0.57 1.21 -0.04 0.57
0 -2.84 2.02 -0.38 2.84 -2.02 0.38
0 -1.76 2.06 0.64 1.76 -2.06 -0.64
0 0.89 0.55 1.82 -0.89 -0.55 -1.82
0 2.77 -1.52 1.7 -2.77 1.52 -1.7
0 1.82 -1.5 0.17 -1.82 1.5 -0.17
0 -0.98 0.23 -0.49 0.98 -0.23 0.49
0 -2.33 231 -0.07 2.33 -2.31 0.07
0 -1 2.1 0.9 1 -2.1 -0.9

0 1.57 0.29 1.77 -1.57 -0.29 -1.77
0 2.4 -1.2 0.6 -2.4 1.2 -0.6
0 0.45 -0.85 -0.58 -0.45 0.85 0.58
0 -1.77 0.93 -0.31 1.77 -0.93 0.31
0 -1.76 1.06 0.58 1.76 -1.06 -0.58
0 0.55 -0.8 1.2 -0.55 0.8 -1.2

53




54

0 2.27 -2.24 1.03 -2.27 2.24 -1.03
0 1.49 -1.42 0.64 -1.49 1.42 -0.64
0 -0.38 1.08 0.77 0.38 -1.08 -0.77
0 -0.98 1.68 1.38 0.98 -1.68 -1.38
0 -0.42 0.54 0.71 0.42 -0.54 -0.71
0 -0.95 0.56 0.43 0.95 -0.56 -0.43
0 -0.93 1.4 0.78 0.93 -14 -0.78
0 0.21 -0.18 1.04 -0.21 0.18 -1.04
0 1.7 -2.66 0.67 -1.7 2.66 -0.67
0 2.27 -3.77 0.87 -2.27 3.77 -0.87
0 1.55 -2.48 1.31 -1.55 2.48 -1.31
0 0.1 -0.4 1.13 -0.1 0.4 -1.13
0 -1.09 1.11 0.97 1.09 -1.11 -0.97
0 -1.41 0.8 0.43 141 -0.8 -0.43
0 -0.73 -0.29 0.1 0.73 0.29 -0.1
0 -0.17 -1.62 -0.06 0.17 1.62 0.06
0 1.2 -0.47 0.03 -1.2 0.47 -0.03
0 0 0.7 0.56 0 -0.7 -0.56
0 -0.9 2.46 0.39 0.9 -2.46 -0.39
0 1.02 2.3 0.11 -1.02 -2.3 -0.11
0 143 4.62 -0.23 -1.43 -4.62 0.23
0 1.26 3.8 -0.29 -1.26 -3.8 0.29
0 0.97 2.96 -0.25 -0.97 -2.96 0.25
0 0.79 2.2 -0.14 -0.79 -2.2 0.14
0 0.77 1.89 -0.02 -0.77 -1.89 0.02
0 0.99 1.97 0.03 -0.99 -1.97 -0.03
0 0.89 1.64 0.16 -0.89 -1.64 -0.16
0 0.91 1.32 0.37 -0.91 -1.32 -0.37
0 0.74 1.05 0.29 -0.74 -1.05 -0.29
0 0.65 0.89 0.24 -0.65 -0.89 -0.24
0 0.59 0.66 0.2 -0.59 -0.66 -0.2
0 0.55 0.55 0.26 -0.55 -0.55 -0.26
0 0.53 0.5 0.23 -0.53 -0.5 -0.23
0 0.46 0.47 0.32 -0.46 -0.47 -0.32
0 0.41 0.42 0.28 -0.41 -0.42 -0.28
0 0.35 0.39 0.38 -0.35 -0.39 -0.38
0 0.32 0.36 0.38 -0.32 -0.36 -0.38
0 0.3 0.34 0.35 -0.3 -0.34 -0.35
0 0.26 0.32 0.4 -0.26 -0.32 -0.4
0 0.23 0.24 0.37 -0.23 -0.24 -0.37
0 0.19 0.23 0.39 -0.19 -0.23 -0.39
0 0.21 0.21 0.37 -0.21 -0.21 -0.37
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0 0.21 0.2 0.38 -0.21 -0.2 -0.38
0 0.24 0.16 0.44 -0.24 -0.16 -0.44
0 0.21 0.16 0.42 -0.21 -0.16 -0.42
0 0.2 0.1 0.47 -0.2 -0.1 -0.47
0 0.25 0.1 0.46 -0.25 -0.1 -0.46
0 0.22 0.11 0.54 -0.22 -0.11 -0.54
0 0.24 0.14 0.57 -0.24 -0.14 -0.57
0 0.21 0.13 0.55 -0.21 -0.13 -0.55
0 0.24 0.18 0.56 -0.24 -0.18 -0.56
0 0.21 0.1 0.59 -0.21 -0.1 -0.59
0 0.19 0.13 0.58 -0.19 -0.13 -0.58
0 0.25 0.12 0.55 -0.25 -0.12 -0.55
0 0.27 0.11 0.54 -0.27 -0.11 -0.54
0 0.24 0.12 0.56 -0.24 -0.12 -0.56
0 0.28 0.13 0.49 -0.28 -0.13 -0.49
0 0.27 0.11 0.48 -0.27 -0.11 -0.48
0 0.29 0.11 0.44 -0.29 -0.11 -0.44
0 0.26 0.11 0.44 -0.26 -0.11 -0.44
0 0.26 0.13 0.45 -0.26 -0.13 -0.45
0 0.24 0.13 0.44 -0.24 -0.13 -0.44
0 0.22 0.12 0.44 -0.22 -0.12 -0.44
0 0.25 0.12 0.38 -0.25 -0.12 -0.38
0 0.28 0.15 0.32 -0.28 -0.15 -0.32
0 0.27 0.18 0.3 -0.27 -0.18 -0.3
0 0.23 0.17 0.31 -0.23 -0.17 -0.31
0 0.25 0.13 0.35 -0.25 -0.13 -0.35
0 0.28 0.09 0.44 -0.28 -0.09 -0.44
0 0.28 0.09 0.48 -0.28 -0.09 -0.48
0 0.26 0.13 0.44 -0.26 -0.13 -0.44
0 0.26 0.13 0.47 -0.26 -0.13 -0.47
0 0.26 0.14 0.46 -0.26 -0.14 -0.46
0 0.26 0.18 0.37 -0.26 -0.18 -0.37
0 0.27 0.18 0.41 -0.27 -0.18 -0.41
0 0.27 0.17 0.36 -0.27 -0.17 -0.36
0 0.28 0.18 0.35 -0.28 -0.18 -0.35
0 0.24 0.17 0.39 -0.24 -0.17 -0.39
0 0.26 0.19 0.4 -0.26 -0.19 -0.4
0 0.26 0.18 0.45 -0.26 -0.18 -0.45
0 0.24 0.17 0.46 -0.24 -0.17 -0.46
0 0.22 0.14 0.49 -0.22 -0.14 -0.49
0 0.21 0.14 0.46 -0.21 -0.14 -0.46
0 0.17 0.15 0.53 -0.17 -0.15 -0.53
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0 0.23 0.15 0.5 -0.23 -0.15 -0.5
0 0.25 0.13 0.43 -0.25 -0.13 -0.43
0 0.24 0.13 0.39 -0.24 -0.13 -0.39
0 0.22 0.1 0.37 -0.22 -0.1 -0.37
0 0.18 0.1 0.33 -0.18 -0.1 -0.33
0 0.22 0.09 0.35 -0.22 -0.09 -0.35
0 0.27 0.08 0.41 -0.27 -0.08 -0.41
0 0.25 0.1 0.45 -0.25 -0.1 -0.45
0 0.26 0.1 0.46 -0.26 -0.1 -0.46
0 0.26 0.09 0.49 -0.26 -0.09 -0.49
0 0.23 0.11 0.58 -0.23 -0.11 -0.58
0 0.22 0.11 0.57 -0.22 -0.11 -0.57
0 0.22 0.1 0.55 -0.22 -0.1 -0.55
0 0.22 0.09 0.49 -0.22 -0.09 -0.49
0 0.22 0.06 0.48 -0.22 -0.06 -0.48
0 0.24 0.08 0.48 -0.24 -0.08 -0.48
0 0.21 0.11 0.46 -0.21 -0.11 -0.46
0 0.24 0.07 0.39 -0.24 -0.07 -0.39
0 0.22 0.11 0.42 -0.22 -0.11 -0.42
0 0.21 0.11 0.32 -0.21 -0.11 -0.32
0 0.23 0.09 0.34 -0.23 -0.09 -0.34
0 0.23 0.1 0.27 -0.23 -0.1 -0.27
0 0.23 0.15 0.32 -0.23 -0.15 -0.32
0 0.24 0.12 0.41 -0.24 -0.12 -0.41
0 0.18 0.12 0.41 -0.18 -0.12 -0.41
0 0.19 0.12 0.4 -0.19 -0.12 -0.4
0 0.19 0.1 0.45 -0.19 -0.1 -0.45
0 0.23 0.14 0.46 -0.23 -0.14 -0.46
0 0.21 0.16 0.39 -0.21 -0.16 -0.39
0 0.21 0.14 0.3 -0.21 -0.14 -0.3
0 0.19 0.13 0.27 -0.19 -0.13 -0.27
0 0.21 0.16 0.35 -0.21 -0.16 -0.35
0 0.19 0.12 0.44 -0.19 -0.12 -0.44
0 0.22 0.12 0.44 -0.22 -0.12 -0.44
0 0.2 0.14 0.38 -0.2 -0.14 -0.38
0 0.23 0.13 0.37 -0.23 -0.13 -0.37
0 0.26 0.12 0.32 -0.26 -0.12 -0.32
0 0.24 0.15 0.33 -0.24 -0.15 -0.33
0 0.19 0.14 0.32 -0.19 -0.14 -0.32
0 0.14 0.15 0.37 -0.14 -0.15 -0.37
0 0.12 0.17 0.28 -0.12 -0.17 -0.28
0 0.14 0.15 0.27 -0.14 -0.15 -0.27
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0 0.18 0.15 0.27 -0.18 -0.15 -0.27
0 0.19 0.14 0.28 -0.19 -0.14 -0.28
0 0.18 0.13 0.27 -0.18 -0.13 -0.27
0 0.19 0.14 0.26 -0.19 -0.14 -0.26
0 0.18 0.12 0.31 -0.18 -0.12 -0.31
0 0.18 0.12 0.36 -0.18 -0.12 -0.36
0 0.25 0.12 0.36 -0.25 -0.12 -0.36
0 0.27 0.07 0.31 -0.27 -0.07 -0.31
0 0.27 0.06 0.34 -0.27 -0.06 -0.34
0 0.21 0.08 0.4 -0.21 -0.08 -0.4
0 0.17 0.09 0.36 -0.17 -0.09 -0.36
0 0.16 0.08 0.27 -0.16 -0.08 -0.27
0 0.18 0.07 0.34 -0.18 -0.07 -0.34
0 0.22 0.1 0.35 -0.22 -0.1 -0.35
0 0.2 0.1 0.35 -0.2 -0.1 -0.35
0 0.19 0.13 0.41 -0.19 -0.13 -0.41
0 0.2 0.11 0.38 -0.2 -0.11 -0.38
0 0.2 0.17 0.35 -0.2 -0.17 -0.35
0 0.2 0.14 0.41 -0.2 -0.14 -0.41
0 0.17 0.1 0.44 -0.17 -0.1 -0.44
0 0.2 0.06 0.44 -0.2 -0.06 -0.44
0 0.2 0.07 0.41 -0.2 -0.07 -0.41
0 0.25 0.08 0.39 -0.25 -0.08 -0.39
0 0.33 0.06 0.44 -0.33 -0.06 -0.44
0 0.34 0.08 0.4 -0.34 -0.08 -0.4
0 0.31 0.12 0.39 -0.31 -0.12 -0.39
0 0.31 0.12 0.37 -0.31 -0.12 -0.37
0 0.3 0.13 0.38 -0.3 -0.13 -0.38
0 0.26 0.12 0.44 -0.26 -0.12 -0.44
0 0.28 0.14 0.46 -0.28 -0.14 -0.46
0 0.33 0.1 0.46 -0.33 -0.1 -0.46
0 0.32 0.07 0.48 -0.32 -0.07 -0.48
0 0.27 0.06 0.38 -0.27 -0.06 -0.38
0 0.28 0.06 0.39 -0.28 -0.06 -0.39
0 0.32 0.09 0.36 -0.32 -0.09 -0.36
0 0.31 0.08 0.39 -0.31 -0.08 -0.39
0 0.31 0.08 0.34 -0.31 -0.08 -0.34
0 0.29 0.06 0.31 -0.29 -0.06 -0.31
0 0.26 0.07 0.28 -0.26 -0.07 -0.28
0 0.27 0.07 0.26 -0.27 -0.07 -0.26
0 0.3 0.1 0.26 -0.3 -0.1 -0.26
0 0.27 0.13 0.26 -0.27 -0.13 -0.26
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0 0.28 0.13 0.23 -0.28 -0.13 -0.23
0 0.27 0.13 0.24 -0.27 -0.13 -0.24
0 0.22 0.16 0.29 -0.22 -0.16 -0.29
0 0.21 0.17 0.37 -0.21 -0.17 -0.37
0 0.21 0.2 0.35 -0.21 -0.2 -0.35
0 0.2 0.17 0.34 -0.2 -0.17 -0.34
0 0.24 0.16 0.32 -0.24 -0.16 -0.32
0 0.21 0.17 0.33 -0.21 -0.17 -0.33
0 0.17 0.17 0.33 -0.17 -0.17 -0.33
0 0.19 0.15 0.33 -0.19 -0.15 -0.33
0 0.22 0.13 0.38 -0.22 -0.13 -0.38
0 0.21 0.13 0.35 -0.21 -0.13 -0.35
0 0.2 0.16 0.28 -0.2 -0.16 -0.28
0 0.25 0.16 0.29 -0.25 -0.16 -0.29
0 0.28 0.14 0.3 -0.28 -0.14 -0.3
0 0.32 0.11 0.31 -0.32 -0.11 -0.31
0 0.25 0.12 0.28 -0.25 -0.12 -0.28
0 0.28 0.12 0.24 -0.28 -0.12 -0.24
0 0.27 0.08 0.26 -0.27 -0.08 -0.26
0 0.24 0.08 0.31 -0.24 -0.08 -0.31
0 0.22 0.12 0.31 -0.22 -0.12 -0.31
0 0.22 0.14 0.35 -0.22 -0.14 -0.35
0 0.22 0.17 0.35 -0.22 -0.17 -0.35
0 0.23 0.15 0.38 -0.23 -0.15 -0.38
0 0.28 0.14 0.41 -0.28 -0.14 -0.41
0 0.26 0.15 0.33 -0.26 -0.15 -0.33
0 0.22 0.12 0.36 -0.22 -0.12 -0.36
0 0.22 0.15 0.43 -0.22 -0.15 -0.43
0 0.24 0.18 0.41 -0.24 -0.18 -0.41
0 0.23 0.14 0.38 -0.23 -0.14 -0.38
0 0.22 0.17 0.39 -0.22 -0.17 -0.39
0 0.27 0.14 0.37 -0.27 -0.14 -0.37
0 0.25 0.15 0.48 -0.25 -0.15 -0.48
0 0.25 0.17 0.46 -0.25 -0.17 -0.46
0 0.23 0.14 0.46 -0.23 -0.14 -0.46
0 0.26 0.14 0.44 -0.26 -0.14 -0.44
0 0.28 0.13 0.53 -0.28 -0.13 -0.53
0 0.24 0.12 0.5 -0.24 -0.12 -0.5
0 0.23 0.11 0.46 -0.23 -0.11 -0.46
0 0.23 0.11 0.5 -0.23 -0.11 -0.5
0 0.22 0.16 0.49 -0.22 -0.16 -0.49
0 0.21 0.19 0.49 -0.21 -0.19 -0.49
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0 0.16 0.21 0.42 -0.16 -0.21 -0.42
0 0.17 0.17 0.38 -0.17 -0.17 -0.38
0 0.2 0.18 0.39 -0.2 -0.18 -0.39
0 0.21 0.16 0.41 -0.21 -0.16 -0.41
0 0.24 0.17 0.37 -0.24 -0.17 -0.37
0 0.22 0.14 0.37 -0.22 -0.14 -0.37
0 0.2 0.16 0.41 -0.2 -0.16 -0.41
0 0.21 0.11 0.38 -0.21 -0.11 -0.38
0 0.24 0.14 0.44 -0.24 -0.14 -0.44
0 0.22 0.12 0.4 -0.22 -0.12 -0.4
0 0.24 0.11 0.44 -0.24 -0.11 -0.44
0 0.23 0.16 0.45 -0.23 -0.16 -0.45
0 0.24 0.16 0.41 -0.24 -0.16 -0.41
0 0.16 0.16 0.37 -0.16 -0.16 -0.37
0 0.13 0.19 0.28 -0.13 -0.19 -0.28
0 0.15 0.17 0.34 -0.15 -0.17 -0.34
0 0.14 0.13 0.31 -0.14 -0.13 -0.31
0 0.17 0.13 0.31 -0.17 -0.13 -0.31
0 0.24 0.08 0.28 -0.24 -0.08 -0.28
0 0.23 0.12 0.19 -0.23 -0.12 -0.19
0 0.28 0.14 0.22 -0.28 -0.14 -0.22
0 0.29 0.15 0.27 -0.29 -0.15 -0.27
0 0.34 0.12 0.35 -0.34 -0.12 -0.35
0 0.37 0.18 0.35 -0.37 -0.18 -0.35
0 0.35 0.15 0.36 -0.35 -0.15 -0.36
0 0.33 0.19 0.41 -0.33 -0.19 -0.41
0 0.32 0.17 0.4 -0.32 -0.17 -0.4
0 0.32 0.13 0.39 -0.32 -0.13 -0.39
0 0.28 0.19 0.41 -0.28 -0.19 -0.41
0 0.31 0.2 0.44 -0.31 -0.2 -0.44
0 0.35 0.2 0.44 -0.35 -0.2 -0.44
0 0.32 0.15 0.43 -0.32 -0.15 -0.43
0 0.35 0.16 0.4 -0.35 -0.16 -0.4
0 0.34 0.16 0.43 -0.34 -0.16 -0.43
0 0.34 0.14 0.38 -0.34 -0.14 -0.38
0 0.29 0.16 0.39 -0.29 -0.16 -0.39
0 0.32 0.15 0.46 -0.32 -0.15 -0.46
0 0.31 0.16 0.49 -0.31 -0.16 -0.49
0 0.29 0.15 0.43 -0.29 -0.15 -0.43
0 0.33 0.13 0.38 -0.33 -0.13 -0.38
0 0.32 0.16 0.38 -0.32 -0.16 -0.38
0 0.3 0.14 0.44 -0.3 -0.14 -0.44
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0 0.31 0.18 0.33 -0.31 -0.18 -0.33
0 0.31 0.2 0.23 -0.31 -0.2 -0.23
0 0.29 0.19 0.27 -0.29 -0.19 -0.27
0 0.28 0.14 0.27 -0.28 -0.14 -0.27
0 0.26 0.12 0.23 -0.26 -0.12 -0.23
0 0.24 0.16 0.23 -0.24 -0.16 -0.23
0 0.25 0.15 0.27 -0.25 -0.15 -0.27
0 0.23 0.15 0.33 -0.23 -0.15 -0.33
0 0.19 0.18 0.28 -0.19 -0.18 -0.28
0 0.17 0.14 0.3 -0.17 -0.14 -0.3
0 0.21 0.1 0.37 -0.21 -0.1 -0.37
0 0.16 0.09 0.4 -0.16 -0.09 -0.4
0 0.21 0.1 0.46 -0.21 -0.1 -0.46
0 0.18 0.11 0.51 -0.18 -0.11 -0.51
0 0.18 0.13 0.51 -0.18 -0.13 -0.51
0 0.21 0.12 0.52 -0.21 -0.12 -0.52
0 0.19 0.11 0.55 -0.19 -0.11 -0.55
0 0.16 0.09 0.51 -0.16 -0.09 -0.51
0 0.21 0.1 0.51 -0.21 -0.1 -0.51
0 0.21 0.08 0.49 -0.21 -0.08 -0.49
0 0.23 0.05 0.47 -0.23 -0.05 -0.47
0 0.21 0.04 0.49 -0.21 -0.04 -0.49
0 0.18 0.08 0.51 -0.18 -0.08 -0.51
0 0.17 0.1 0.46 -0.17 -0.1 -0.46
0 0.17 0.1 0.47 -0.17 -0.1 -0.47
0 0.22 0.14 0.5 -0.22 -0.14 -0.5
0 0.21 0.15 0.44 -0.21 -0.15 -0.44
0 0.24 0.17 0.51 -0.24 -0.17 -0.51
0 0.24 0.2 0.48 -0.24 -0.2 -0.48
0 0.2 0.18 0.45 -0.2 -0.18 -0.45
0 0.22 0.2 0.53 -0.22 -0.2 -0.53
0 0.24 0.18 0.49 -0.24 -0.18 -0.49
0 0.24 0.17 0.44 -0.24 -0.17 -0.44
0 0.23 0.19 0.41 -0.23 -0.19 -0.41
0 0.22 0.16 0.49 -0.22 -0.16 -0.49
0 0.24 0.11 0.52 -0.24 -0.11 -0.52
0 0.23 0.12 0.46 -0.23 -0.12 -0.46
0 0.16 0.09 0.44 -0.16 -0.09 -0.44
0 0.18 0.1 0.48 -0.18 -0.1 -0.48
0 0.18 0.15 0.49 -0.18 -0.15 -0.49
0 0.22 0.15 0.44 -0.22 -0.15 -0.44
0 0.21 0.17 0.39 -0.21 -0.17 -0.39
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0 0.19 0.19 0.39 -0.19 -0.19 -0.39
0 0.18 0.18 0.32 -0.18 -0.18 -0.32
0 0.18 0.15 0.33 -0.18 -0.15 -0.33
0 0.2 0.14 0.33 -0.2 -0.14 -0.33
0 0.19 0.14 0.34 -0.19 -0.14 -0.34
0 0.21 0.13 0.35 -0.21 -0.13 -0.35
0 0.24 0.12 0.37 -0.24 -0.12 -0.37
0 0.22 0.15 0.34 -0.22 -0.15 -0.34
0 0.25 0.15 0.36 -0.25 -0.15 -0.36
0 0.23 0.2 0.36 -0.23 -0.2 -0.36
0 0.2 0.18 0.36 -0.2 -0.18 -0.36
0 0.26 0.19 0.36 -0.26 -0.19 -0.36
0 0.28 0.19 0.41 -0.28 -0.19 -0.41
0 0.29 0.18 0.44 -0.29 -0.18 -0.44
0 0.28 0.16 0.43 -0.28 -0.16 -0.43
0 0.25 0.14 0.48 -0.25 -0.14 -0.48
0 0.24 0.17 0.46 -0.24 -0.17 -0.46
0 0.25 0.19 0.34 -0.25 -0.19 -0.34
0 0.24 0.23 0.31 -0.24 -0.23 -0.31
0 0.25 0.19 0.3 -0.25 -0.19 -0.3
0 0.29 0.19 0.33 -0.29 -0.19 -0.33
0 0.29 0.17 0.33 -0.29 -0.17 -0.33
0 0.3 0.15 0.37 -0.3 -0.15 -0.37
0 0.29 0.15 0.41 -0.29 -0.15 -0.41
0 0.28 0.15 0.41 -0.28 -0.15 -0.41
0 0.3 0.17 0.41 -0.3 -0.17 -0.41
0 0.29 0.19 0.43 -0.29 -0.19 -0.43
0 0.29 0.15 0.45 -0.29 -0.15 -0.45
0 0.31 0.15 0.37 -0.31 -0.15 -0.37
0 0.28 0.15 0.33 -0.28 -0.15 -0.33
0 0.28 0.15 0.33 -0.28 -0.15 -0.33
0 0.29 0.13 0.29 -0.29 -0.13 -0.29
0 0.28 0.13 0.34 -0.28 -0.13 -0.34
0 0.24 0.12 0.33 -0.24 -0.12 -0.33
0 0.21 0.17 0.37 -0.21 -0.17 -0.37
0 0.19 0.15 0.33 -0.19 -0.15 -0.33
0 0.25 0.08 0.3 -0.25 -0.08 -0.3
0 0.28 0.09 0.3 -0.28 -0.09 -0.3
0 0.3 0.11 0.32 -0.3 -0.11 -0.32
0 0.27 0.06 0.35 -0.27 -0.06 -0.35
0 0.23 0.08 0.34 -0.23 -0.08 -0.34
0 0.24 0.09 0.35 -0.24 -0.09 -0.35
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62

0 0.26 0.1 0.31 -0.26 -0.1 -0.31
0 0.28 0.13 0.26 -0.28 -0.13 -0.26
0 0.3 0.09 0.26 -0.3 -0.09 -0.26
0 0.36 0.11 0.24 -0.36 -0.11 -0.24
0 0.34 0.09 0.27 -0.34 -0.09 -0.27
0 0.29 0.13 0.25 -0.29 -0.13 -0.25
0 0.24 0.15 0.31 -0.24 -0.15 -0.31
0 0.23 0.13 0.3 -0.23 -0.13 -0.3
0 0.31 0.16 0.32 -0.31 -0.16 -0.32
0 0.32 0.16 0.34 -0.32 -0.16 -0.34
0 0.3 0.17 0.38 -0.3 -0.17 -0.38
0 0.26 0.16 0.37 -0.26 -0.16 -0.37
0 0.27 0.13 0.43 -0.27 -0.13 -0.43
0 0.32 0.08 0.45 -0.32 -0.08 -0.45
0 0.33 0.13 0.47 -0.33 -0.13 -0.47
0 0.37 0.17 0.43 -0.37 -0.17 -0.43
0 0.38 0.16 0.42 -0.38 -0.16 -0.42
0 0.33 0.13 0.38 -0.33 -0.13 -0.38
0 0.27 0.09 0.38 -0.27 -0.09 -0.38
0 0.25 0.06 0.46 -0.25 -0.06 -0.46
0 0.3 0.1 0.4 -0.3 -0.1 -0.4
0 0.31 0.13 0.39 -0.31 -0.13 -0.39
0 0.36 0.13 0.38 -0.36 -0.13 -0.38
0 0.38 0.13 0.38 -0.38 -0.13 -0.38
0 0.36 0.14 0.34 -0.36 -0.14 -0.34
0 0.31 0.12 0.37 -0.31 -0.12 -0.37
0 0.26 0.12 0.34 -0.26 -0.12 -0.34
0 0.34 0.1 0.34 -0.34 -0.1 -0.34
0 0.3 0.12 0.4 -0.3 -0.12 -0.4
0 0.31 0.12 0.4 -0.31 -0.12 -0.4
0 0.34 0.11 0.38 -0.34 -0.11 -0.38
0 0.33 0.08 0.37 -0.33 -0.08 -0.37
0 0.33 0.05 0.35 -0.33 -0.05 -0.35
0 0.33 0.04 0.33 -0.33 -0.04 -0.33
0 0.28 0.07 0.32 -0.28 -0.07 -0.32
0 0.28 0.05 0.32 -0.28 -0.05 -0.32
0 0.27 0.06 0.29 -0.27 -0.06 -0.29
0 0.24 0.08 0.29 -0.24 -0.08 -0.29
0 0.28 0.12 0.32 -0.28 -0.12 -0.32
0 0.27 0.13 0.23 -0.27 -0.13 -0.23
0 0.27 0.17 0.23 -0.27 -0.17 -0.23
0 0.29 0.12 0.21 -0.29 -0.12 -0.21
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63

0 0.3 0.1 0.17 -0.3 -0.1 -0.17
0 0.31 0.16 0.19 -0.31 -0.16 -0.19
0 0.28 0.19 0.19 -0.28 -0.19 -0.19
0 0.3 0.17 0.24 -0.3 -0.17 -0.24
0 0.31 0.18 0.27 -0.31 -0.18 -0.27
0 0.31 0.16 0.22 -0.31 -0.16 -0.22
0 0.34 0.13 0.23 -0.34 -0.13 -0.23
0 0.33 0.07 0.31 -0.33 -0.07 -0.31
0 0.33 0.1 0.32 -0.33 -0.1 -0.32
0 0.34 0.09 0.32 -0.34 -0.09 -0.32
0 0.3 0.11 0.29 -0.3 -0.11 -0.29
0 0.27 0.13 0.33 -0.27 -0.13 -0.33
0 0.27 0.11 0.3 -0.27 -0.11 -0.3
0 0.26 0.12 0.35 -0.26 -0.12 -0.35
0 0.28 0.15 0.38 -0.28 -0.15 -0.38
0 0.27 0.13 0.35 -0.27 -0.13 -0.35
0 0.26 0.1 0.39 -0.26 -0.1 -0.39
0 0.25 0.12 0.4 -0.25 -0.12 -0.4
0 0.3 0.11 0.43 -0.3 -0.11 -0.43
0 0.27 0.14 0.37 -0.27 -0.14 -0.37
0 0.23 0.15 0.47 -0.23 -0.15 -0.47
0 0.25 0.15 0.5 -0.25 -0.15 -0.5
0 0.19 0.14 0.43 -0.19 -0.14 -0.43
0 0.23 0.14 0.46 -0.23 -0.14 -0.46
0 0.23 0.15 0.47 -0.23 -0.15 -0.47
0 0.25 0.14 0.42 -0.25 -0.14 -0.42
0 0.29 0.14 0.37 -0.29 -0.14 -0.37
0 0.25 0.15 0.37 -0.25 -0.15 -0.37
0 0.25 0.18 0.37 -0.25 -0.18 -0.37
0 0.28 0.16 0.39 -0.28 -0.16 -0.39
0 0.28 0.17 0.34 -0.28 -0.17 -0.34
0 0.25 0.19 0.38 -0.25 -0.19 -0.38
0 0.22 0.18 0.35 -0.22 -0.18 -0.35
0 0.23 0.15 0.41 -0.23 -0.15 -0.41
0 0.24 0.19 0.38 -0.24 -0.19 -0.38
0 0.28 0.2 0.34 -0.28 -0.2 -0.34
0 0.28 0.2 0.3 -0.28 -0.2 -0.3
0 0.26 0.19 0.27 -0.26 -0.19 -0.27
0 0.25 0.23 0.33 -0.25 -0.23 -0.33
0 0.24 0.19 0.39 -0.24 -0.19 -0.39
0 0.26 0.22 03 -0.26 -0.22 -0.3
0 0.27 0.19 0.29 -0.27 -0.19 -0.29
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64

0 0.25 0.18 0.34 -0.25 -0.18 -0.34
0 0.27 0.2 0.27 -0.27 -0.2 -0.27
0 0.26 0.18 0.36 -0.26 -0.18 -0.36
0 0.29 0.18 0.33 -0.29 -0.18 -0.33
0 0.32 0.16 0.36 -0.32 -0.16 -0.36
0 0.29 0.15 0.38 -0.29 -0.15 -0.38
0 0.23 0.16 0.36 -0.23 -0.16 -0.36
0 0.25 0.17 0.34 -0.25 -0.17 -0.34
0 0.25 0.17 0.32 -0.25 -0.17 -0.32
0 0.27 0.19 0.27 -0.27 -0.19 -0.27
0 0.26 0.1 0.28 -0.26 -0.1 -0.28
0 0.32 0.11 0.29 -0.32 -0.11 -0.29
0 0.31 0.13 0.26 -0.31 -0.13 -0.26
0 0.31 0.12 0.3 -0.31 -0.12 -0.3
0 0.35 0.14 0.33 -0.35 -0.14 -0.33
0 0.31 0.13 0.35 -0.31 -0.13 -0.35
0 0.33 0.16 0.3 -0.33 -0.16 -0.3
0 0.37 0.13 0.27 -0.37 -0.13 -0.27
0 0.33 0.19 0.33 -0.33 -0.19 -0.33
0 0.34 0.18 0.31 -0.34 -0.18 -0.31
0 0.33 0.19 0.24 -0.33 -0.19 -0.24
0 0.33 0.18 0.33 -0.33 -0.18 -0.33
0 0.3 0.14 0.35 -0.3 -0.14 -0.35
0 0.26 0.17 0.37 -0.26 -0.17 -0.37
0 0.26 0.17 0.4 -0.26 -0.17 -0.4
0 0.22 0.13 0.35 -0.22 -0.13 -0.35
0 0.24 0.13 0.37 -0.24 -0.13 -0.37
0 0.24 0.16 0.37 -0.24 -0.16 -0.37
0 0.22 0.2 0.38 -0.22 -0.2 -0.38
0 0.24 0.19 0.4 -0.24 -0.19 -0.4
0 0.24 0.15 0.34 -0.24 -0.15 -0.34
0 0.22 0.12 0.4 -0.22 -0.12 -0.4
0 0.22 0.11 0.42 -0.22 -0.11 -0.42
0 0.23 0.07 0.37 -0.23 -0.07 -0.37
0 0.25 0.1 0.42 -0.25 -0.1 -0.42
0 0.21 0.13 0.39 -0.21 -0.13 -0.39
0 0.24 0.09 0.39 -0.24 -0.09 -0.39
0 0.23 0.09 0.3 -0.23 -0.09 -0.3
0 0.23 0.09 0.28 -0.23 -0.09 -0.28
0 0.28 0.12 0.28 -0.28 -0.12 -0.28
0 0.29 0.12 0.27 -0.29 -0.12 -0.27
0 0.32 0.1 0.23 -0.32 -0.1 -0.23
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65

0 0.29 0.08 0.19 -0.29 -0.08 -0.19
0 0.27 0.1 0.17 -0.27 -0.1 -0.17
0 0.28 0.08 0.26 -0.28 -0.08 -0.26
0 0.25 0.09 0.25 -0.25 -0.09 -0.25
0 0.25 0.08 0.27 -0.25 -0.08 -0.27
0 0.26 0.04 0.25 -0.26 -0.04 -0.25
0 0.26 0.03 0.3 -0.26 -0.03 -0.3
0 0.28 0.06 0.31 -0.28 -0.06 -0.31
0 0.33 0.11 0.29 -0.33 -0.11 -0.29
0 0.31 0.09 0.29 -0.31 -0.09 -0.29
0 0.3 0.1 0.33 -0.3 -0.1 -0.33
0 0.29 0.16 0.29 -0.29 -0.16 -0.29
0 0.26 0.14 0.28 -0.26 -0.14 -0.28
0 0.27 0.1 0.34 -0.27 -0.1 -0.34
0 0.26 0.09 0.32 -0.26 -0.09 -0.32
0 0.26 0.09 0.34 -0.26 -0.09 -0.34
0 0.27 0.09 0.34 -0.27 -0.09 -0.34
0 0.27 0.1 0.34 -0.27 -0.1 -0.34
0 0.24 0.14 0.37 -0.24 -0.14 -0.37
0 0.27 0.15 0.32 -0.27 -0.15 -0.32
0 0.28 0.14 0.36 -0.28 -0.14 -0.36
0 0.27 0.15 0.38 -0.27 -0.15 -0.38
0 0.28 0.11 0.3 -0.28 -0.11 -0.3
0 0.3 0.09 0.3 -0.3 -0.09 -0.3
0 0.32 0.09 0.3 -0.32 -0.09 -0.3
0 0.24 0.08 0.24 -0.24 -0.08 -0.24
0 0.25 0.1 0.32 -0.25 -0.1 -0.32
0 0.27 0.12 0.36 -0.27 -0.12 -0.36
0 0.26 0.11 0.37 -0.26 -0.11 -0.37
0 0.27 0.15 0.37 -0.27 -0.15 -0.37
0 0.29 0.14 0.3 -0.29 -0.14 -0.3
0 0.28 0.13 0.35 -0.28 -0.13 -0.35
0 0.27 0.11 0.33 -0.27 -0.11 -0.33
0 0.28 0.07 0.36 -0.28 -0.07 -0.36
0 0.28 0.07 0.32 -0.28 -0.07 -0.32
0 0.28 0.02 0.39 -0.28 -0.02 -0.39
0 0.25 0.03 0.37 -0.25 -0.03 -0.37
0 0.25 0.05 0.41 -0.25 -0.05 -0.41
0 0.19 0.1 0.45 -0.19 -0.1 -0.45
0 0.23 0.07 0.49 -0.23 -0.07 -0.49
0 0.23 0.09 0.44 -0.23 -0.09 -0.44
0 0.19 0.06 0.46 -0.19 -0.06 -0.46
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66

0 0.22 0.06 0.37 -0.22 -0.06 -0.37
0 0.22 0.1 0.37 -0.22 -0.1 -0.37
0 0.22 0.09 0.43 -0.22 -0.09 -0.43
0 0.22 0.1 0.39 -0.22 -0.1 -0.39
0 0.24 0.09 0.36 -0.24 -0.09 -0.36
0 0.27 0.11 0.38 -0.27 -0.11 -0.38
0 0.31 0.16 0.31 -0.31 -0.16 -0.31
0 0.32 0.15 0.28 -0.32 -0.15 -0.28
0 0.35 0.12 0.29 -0.35 -0.12 -0.29
0 0.36 0.16 0.3 -0.36 -0.16 -0.3
0 0.4 0.15 0.32 -0.4 -0.15 -0.32
0 0.37 0.16 0.32 -0.37 -0.16 -0.32
0 0.38 0.14 0.26 -0.38 -0.14 -0.26
0 0.41 0.13 0.26 -0.41 -0.13 -0.26
0 0.4 0.13 0.31 -0.4 -0.13 -0.31
0 0.33 0.12 0.28 -0.33 -0.12 -0.28
0 0.29 0.13 0.3 -0.29 -0.13 -0.3
0 0.22 0.07 0.29 -0.22 -0.07 -0.29
0 0.24 0.09 0.33 -0.24 -0.09 -0.33
0 0.25 0.11 0.37 -0.25 -0.11 -0.37
0 0.23 0.15 0.34 -0.23 -0.15 -0.34
0 0.24 0.15 0.38 -0.24 -0.15 -0.38
0 0.23 0.16 0.33 -0.23 -0.16 -0.33
0 0.22 0.17 0.39 -0.22 -0.17 -0.39
0 0.26 0.18 0.41 -0.26 -0.18 -0.41
0 0.26 0.15 0.39 -0.26 -0.15 -0.39
0 0.28 0.14 0.34 -0.28 -0.14 -0.34
0 0.32 0.16 0.4 -0.32 -0.16 -0.4
0 0.3 0.16 0.39 -0.3 -0.16 -0.39
0 0.29 0.16 0.38 -0.29 -0.16 -0.38
0 0.3 0.13 0.33 -0.3 -0.13 -0.33
0 0.27 0.13 0.31 -0.27 -0.13 -0.31
0 0.3 0.09 0.34 -0.3 -0.09 -0.34
0 0.31 0.09 0.36 -0.31 -0.09 -0.36
0 0.29 0.11 0.35 -0.29 -0.11 -0.35
0 0.3 0.11 0.4 -0.3 -0.11 -0.4
0 0.29 0.13 0.44 -0.29 -0.13 -0.44
0 0.27 0.15 0.41 -0.27 -0.15 -0.41
0 0.29 0.17 0.45 -0.29 -0.17 -0.45
0 0.32 0.13 0.4 -0.32 -0.13 -0.4
0 0.31 0.14 0.41 -0.31 -0.14 -0.41
0 0.3 0.17 0.45 -0.3 -0.17 -0.45
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67

0 0.3 0.16 0.49 -0.3 -0.16 -0.49
0 0.29 0.18 0.43 -0.29 -0.18 -0.43
0 0.3 0.21 0.4 -0.3 -0.21 -0.4
0 0.32 0.16 0.43 -0.32 -0.16 -0.43
0 0.31 0.18 0.45 -0.31 -0.18 -0.45
0 0.34 0.2 0.37 -0.34 -0.2 -0.37
0 0.34 0.16 0.32 -0.34 -0.16 -0.32
0 0.3 0.17 0.3 -0.3 -0.17 -0.3
0 0.29 0.17 0.31 -0.29 -0.17 -0.31
0 0.27 0.16 0.35 -0.27 -0.16 -0.35
0 0.23 0.14 0.3 -0.23 -0.14 -0.3
0 0.23 0.14 0.34 -0.23 -0.14 -0.34
0 0.23 0.15 0.31 -0.23 -0.15 -0.31
0 0.22 0.17 0.38 -0.22 -0.17 -0.38
0 0.25 0.18 0.4 -0.25 -0.18 -0.4
0 0.23 0.17 0.4 -0.23 -0.17 -0.4
0 0.22 0.16 0.4 -0.22 -0.16 -0.4
0 0.23 0.18 0.4 -0.23 -0.18 -0.4
0 0.23 0.15 0.41 -0.23 -0.15 -0.41
0 0.27 0.18 0.42 -0.27 -0.18 -0.42
0 0.26 0.15 0.32 -0.26 -0.15 -0.32
0 0.27 0.13 0.33 -0.27 -0.13 -0.33
0 0.23 0.09 0.37 -0.23 -0.09 -0.37
0 0.23 0.03 0.37 -0.23 -0.03 -0.37
0 0.19 0.05 0.4 -0.19 -0.05 -0.4
0 0.18 0.07 0.36 -0.18 -0.07 -0.36
0 0.21 0.09 0.32 -0.21 -0.09 -0.32
0 0.28 0.09 0.3 -0.28 -0.09 -0.3
0 0.31 0.1 0.36 -0.31 -0.1 -0.36
0 0.34 0.14 0.42 -0.34 -0.14 -0.42
0 0.32 0.12 0.51 -0.32 -0.12 -0.51
0 0.31 0.13 0.5 -0.31 -0.13 -0.5
0 0.28 0.12 0.53 -0.28 -0.12 -0.53
0 0.31 0.12 0.52 -0.31 -0.12 -0.52
0 0.3 0.09 0.53 -0.3 -0.09 -0.53
0 0.28 0.11 0.6 -0.28 -0.11 -0.6
0 0.31 0.1 0.55 -0.31 -0.1 -0.55
0 0.29 0.16 0.48 -0.29 -0.16 -0.48
0 0.33 0.17 0.45 -0.33 -0.17 -0.45
0 0.33 0.14 0.4 -0.33 -0.14 -0.4
0 0.34 0.12 0.39 -0.34 -0.12 -0.39
0 0.29 0.1 0.44 -0.29 -0.1 -0.44
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68

0 0.29 0.03 0.43 -0.29 -0.03 -0.43
0 0.28 0.06 0.42 -0.28 -0.06 -0.42
0 0.26 0.02 0.42 -0.26 -0.02 -0.42
0 0.28 0.08 0.46 -0.28 -0.08 -0.46
0 0.24 0.07 0.37 -0.24 -0.07 -0.37
0 0.22 0.08 0.38 -0.22 -0.08 -0.38
0 0.25 0.08 0.35 -0.25 -0.08 -0.35
0 0.25 0.14 0.38 -0.25 -0.14 -0.38
0 0.27 0.16 0.32 -0.27 -0.16 -0.32
0 0.31 0.16 0.32 -0.31 -0.16 -0.32
0 0.31 0.16 0.28 -0.31 -0.16 -0.28
0 0.29 0.15 0.31 -0.29 -0.15 -0.31
0 0.27 0.14 0.33 -0.27 -0.14 -0.33
0 0.27 0.17 0.35 -0.27 -0.17 -0.35
0 0.3 0.2 0.34 -0.3 -0.2 -0.34
0 0.26 0.18 0.35 -0.26 -0.18 -0.35
0 0.28 0.2 0.39 -0.28 -0.2 -0.39
0 0.29 0.21 0.37 -0.29 -0.21 -0.37
0 0.28 0.23 0.43 -0.28 -0.23 -0.43
0 0.26 0.24 0.4 -0.26 -0.24 -0.4
0 0.32 0.23 0.38 -0.32 -0.23 -0.38
0 0.29 0.21 0.36 -0.29 -0.21 -0.36
0 0.26 0.21 0.33 -0.26 -0.21 -0.33
0 0.31 0.2 0.4 -0.31 -0.2 -0.4
0 0.31 0.15 0.42 -0.31 -0.15 -0.42
0 0.3 0.17 0.35 -0.3 -0.17 -0.35
0 0.28 0.16 0.37 -0.28 -0.16 -0.37
0 0.29 0.17 0.35 -0.29 -0.17 -0.35
0 0.27 0.19 0.37 -0.27 -0.19 -0.37
0 0.28 0.22 0.37 -0.28 -0.22 -0.37
0 0.25 0.23 0.4 -0.25 -0.23 -0.4
0 0.24 0.2 0.44 -0.24 -0.2 -0.44
0 0.21 0.24 0.46 -0.21 -0.24 -0.46
0 0.23 0.21 0.41 -0.23 -0.21 -0.41
0 0.25 0.21 0.4 -0.25 -0.21 -0.4
0 0.28 0.19 0.43 -0.28 -0.19 -0.43
0 0.28 0.2 0.41 -0.28 -0.2 -0.41
0 0.29 0.18 0.27 -0.29 -0.18 -0.27
0 0.3 0.19 0.35 -0.3 -0.19 -0.35
0 0.31 0.17 0.33 -0.31 -0.17 -0.33
0 0.33 0.17 0.36 -0.33 -0.17 -0.36
0 0.32 0.18 0.37 -0.32 -0.18 -0.37
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0 0.32 0.18 0.42 -0.32 -0.18 -0.42
0 0.29 0.17 0.38 -0.29 -0.17 -0.38
0 0.28 0.2 0.43 -0.28 -0.2 -0.43
0 0.33 0.19 0.45 -0.33 -0.19 -0.45
0 0.32 0.16 0.45 -0.32 -0.16 -0.45
0 0.32 0.19 0.43 -0.32 -0.19 -0.43
0 0.34 0.15 0.41 -0.34 -0.15 -0.41
0 0.3 0.16 0.4 -0.3 -0.16 -0.4
0 0.3 0.16 0.39 -0.3 -0.16 -0.39
0 0.31 0.16 0.39 -0.31 -0.16 -0.39
0 0.3 0.17 0.38 -0.3 -0.17 -0.38
0 0.26 0.2 0.42 -0.26 -0.2 -0.42
0 0.35 0.17 0.41 -0.35 -0.17 -0.41
0 0.29 0.18 0.35 -0.29 -0.18 -0.35
0 0.29 0.22 0.37 -0.29 -0.22 -0.37
0 0.26 0.22 0.36 -0.26 -0.22 -0.36
0 0.27 0.23 0.34 -0.27 -0.23 -0.34
0 0.26 0.16 0.26 -0.26 -0.16 -0.26
0 0.26 0.17 0.34 -0.26 -0.17 -0.34
0 0.24 0.2 0.3 -0.24 -0.2 -0.3
0 0.28 0.17 0.3 -0.28 -0.17 -0.3
0 0.25 0.14 0.31 -0.25 -0.14 -0.31
0 0.24 0.13 0.32 -0.24 -0.13 -0.32
0 0.22 0.1 0.34 -0.22 -0.1 -0.34
0 0.23 0.12 0.32 -0.23 -0.12 -0.32
0 0.25 0.11 0.37 -0.25 -0.11 -0.37
0 0.25 0.1 0.3 -0.25 -0.1 -0.3
0 0.27 0.11 0.25 -0.27 -0.11 -0.25
0 0.26 0.1 0.28 -0.26 -0.1 -0.28
0 0.28 0.12 0.31 -0.28 -0.12 -0.31
0 0.26 0.1 0.28 -0.26 -0.1 -0.28
0 0.23 0.11 0.24 -0.23 -0.11 -0.24
0 0.25 0.11 0.32 -0.25 -0.11 -0.32
0 0.26 0.08 0.34 -0.26 -0.08 -0.34
0 0.28 0.1 0.38 -0.28 -0.1 -0.38
0 0.29 0.1 0.35 -0.29 -0.1 -0.35
0 0.27 0.12 0.36 -0.27 -0.12 -0.36
0 0.31 0.11 0.38 -0.31 -0.11 -0.38
0 0.31 0.14 0.35 -0.31 -0.14 -0.35
0 0.31 0.13 0.36 -0.31 -0.13 -0.36
0 0.3 0.14 0.43 -0.3 -0.14 -0.43
0 0.29 0.12 0.42 -0.29 -0.12 -0.42
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0 0.3 0.15 0.4 -0.3 -0.15 -0.4
0 0.27 0.14 0.42 -0.27 -0.14 -0.42
0 0.19 0.16 0.4 -0.19 -0.16 -0.4
0 0.23 0.18 0.35 -0.23 -0.18 -0.35
0 0.24 0.17 0.35 -0.24 -0.17 -0.35
0 0.29 0.13 0.35 -0.29 -0.13 -0.35
0 0.29 0.14 0.35 -0.29 -0.14 -0.35
0 0.28 0.15 0.32 -0.28 -0.15 -0.32
0 0.29 0.19 0.25 -0.29 -0.19 -0.25
0 0.27 0.22 0.28 -0.27 -0.22 -0.28
0 0.3 0.15 0.29 -0.3 -0.15 -0.29
0 0.24 0.15 0.36 -0.24 -0.15 -0.36
0 0.25 0.15 0.25 -0.25 -0.15 -0.25
0 0.25 0.15 0.29 -0.25 -0.15 -0.29
0 0.28 0.17 0.27 -0.28 -0.17 -0.27
0 0.28 0.14 0.29 -0.28 -0.14 -0.29
0 0.3 0.12 0.3 -0.3 -0.12 -0.3
0 0.28 0.11 0.34 -0.28 -0.11 -0.34
0 0.29 0.12 0.37 -0.29 -0.12 -0.37
0 0.29 0.09 0.37 -0.29 -0.09 -0.37
0 0.26 0.1 0.39 -0.26 -0.1 -0.39
0 0.28 0.12 0.32 -0.28 -0.12 -0.32
0 0.29 0.18 0.35 -0.29 -0.18 -0.35
0 0.3 0.17 0.36 -0.3 -0.17 -0.36
0 0.34 0.14 0.26 -0.34 -0.14 -0.26
0 0.34 0.12 0.38 -0.34 -0.12 -0.38
0 0.33 0.13 0.35 -0.33 -0.13 -0.35
0 0.33 0.16 0.3 -0.33 -0.16 -0.3
0 0.35 0.14 0.27 -0.35 -0.14 -0.27
0 0.36 0.15 0.33 -0.36 -0.15 -0.33
0 0.32 0.15 0.36 -0.32 -0.15 -0.36
0 0.32 0.15 0.34 -0.32 -0.15 -0.34
0 0.35 0.19 0.34 -0.35 -0.19 -0.34
0 0.33 0.16 0.37 -0.33 -0.16 -0.37
0 0.32 0.14 0.39 -0.32 -0.14 -0.39
0 0.31 0.16 0.38 -0.31 -0.16 -0.38
0 0.33 0.14 0.36 -0.33 -0.14 -0.36
0 0.32 0.13 0.34 -0.32 -0.13 -0.34
0 0.36 0.09 0.31 -0.36 -0.09 -0.31
0 0.3 0.07 0.27 -0.3 -0.07 -0.27
0 0.34 0.06 0.34 -0.34 -0.06 -0.34
0 0.32 0.1 0.37 -0.32 -0.1 -0.37
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0 0.37 0.1 0.36 -0.37 -0.1 -0.36
0 0.41 0.09 0.36 -0.41 -0.09 -0.36
0 0.39 0.11 0.39 -0.39 -0.11 -0.39
0 0.36 0.12 0.4 -0.36 -0.12 -0.4
0 0.37 0.12 0.38 -0.37 -0.12 -0.38
0 0.36 0.15 0.36 -0.36 -0.15 -0.36
0 0.35 0.13 0.3 -0.35 -0.13 -0.3
0 0.31 0.14 0.28 -0.31 -0.14 -0.28
0 0.29 0.16 0.31 -0.29 -0.16 -0.31
0 0.28 0.14 0.33 -0.28 -0.14 -0.33
0 0.28 0.16 0.36 -0.28 -0.16 -0.36
0 0.26 0.18 0.37 -0.26 -0.18 -0.37
0 0.28 0.2 0.36 -0.28 -0.2 -0.36
0 0.3 0.22 0.33 -0.3 -0.22 -0.33
0 0.26 0.18 0.29 -0.26 -0.18 -0.29
0 0.31 0.19 0.3 -0.31 -0.19 -0.3
0 0.31 0.18 0.24 -0.31 -0.18 -0.24
0 0.33 0.16 0.25 -0.33 -0.16 -0.25
0 0.31 0.21 0.26 -0.31 -0.21 -0.26
0 0.32 0.18 0.29 -0.32 -0.18 -0.29
0 0.29 0.23 0.32 -0.29 -0.23 -0.32
0 0.34 0.2 0.32 -0.34 -0.2 -0.32
0 0.31 0.22 0.33 -0.31 -0.22 -0.33
0 0.32 0.21 0.28 -0.32 -0.21 -0.28
0 0.3 0.18 0.3 -0.3 -0.18 -0.3
0 0.25 0.19 0.38 -0.25 -0.19 -0.38
0 0.27 0.18 0.39 -0.27 -0.18 -0.39
0 0.24 0.19 0.37 -0.24 -0.19 -0.37
0 0.24 0.18 0.34 -0.24 -0.18 -0.34
0 0.23 0.17 0.31 -0.23 -0.17 -0.31
0 0.25 0.14 0.28 -0.25 -0.14 -0.28
0 0.26 0.17 0.29 -0.26 -0.17 -0.29
0 0.29 0.17 0.34 -0.29 -0.17 -0.34
0 0.32 0.13 0.33 -0.32 -0.13 -0.33
0 0.29 0.16 0.34 -0.29 -0.16 -0.34
0 0.29 0.2 0.39 -0.29 -0.2 -0.39
0 0.32 0.22 0.35 -0.32 -0.22 -0.35
0 0.31 0.21 0.32 -0.31 -0.21 -0.32
0 0.34 0.15 0.36 -0.34 -0.15 -0.36
0 0.32 0.18 0.34 -0.32 -0.18 -0.34
0 0.35 0.17 0.47 -0.35 -0.17 -0.47
0 0.34 0.16 0.4 -0.34 -0.16 -0.4
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0 0.34 0.16 0.37 -0.34 -0.16 -0.37
0 0.34 0.17 0.32 -0.34 -0.17 -0.32
0 0.35 0.2 0.29 -0.35 -0.2 -0.29
0 0.35 0.2 0.32 -0.35 -0.2 -0.32
0 0.31 0.14 0.27 -0.31 -0.14 -0.27
0 0.36 0.12 0.29 -0.36 -0.12 -0.29
0 0.34 0.16 0.2 -0.34 -0.16 -0.2
0 0.3 0.17 0.2 -0.3 -0.17 -0.2
0 0.27 0.16 0.26 -0.27 -0.16 -0.26
0 0.31 0.19 0.34 -0.31 -0.19 -0.34
0 0.32 0.19 0.32 -0.32 -0.19 -0.32
0 0.31 0.2 0.35 -0.31 -0.2 -0.35
0 0.29 0.2 0.37 -0.29 -0.2 -0.37
0 0.27 0.23 0.36 -0.27 -0.23 -0.36
0 0.28 0.24 0.28 -0.28 -0.24 -0.28
0 0.24 0.22 0.24 -0.24 -0.22 -0.24
0 0.25 0.23 0.27 -0.25 -0.23 -0.27
0 0.24 0.18 0.3 -0.24 -0.18 -0.3
0 0.24 0.18 0.31 -0.24 -0.18 -0.31
0 0.23 0.15 0.3 -0.23 -0.15 -0.3
0 0.23 0.19 0.35 -0.23 -0.19 -0.35
0 0.26 0.14 0.4 -0.26 -0.14 -0.4
0 0.27 0.18 0.48 -0.27 -0.18 -0.48
0 0.26 0.18 0.36 -0.26 -0.18 -0.36
0 0.24 0.2 0.4 -0.24 -0.2 -0.4
0 0.26 0.18 0.31 -0.26 -0.18 -0.31
0 0.26 0.18 0.25 -0.26 -0.18 -0.25
0 0.27 0.17 0.23 -0.27 -0.17 -0.23
0 0.28 0.18 0.28 -0.28 -0.18 -0.28
0 0.27 0.13 0.28 -0.27 -0.13 -0.28
0 0.25 0.11 0.25 -0.25 -0.11 -0.25
0 0.22 0.07 0.29 -0.22 -0.07 -0.29
0 0.23 0.09 0.33 -0.23 -0.09 -0.33
0 0.23 0.07 0.33 -0.23 -0.07 -0.33
0 0.21 0.08 0.38 -0.21 -0.08 -0.38
0 0.28 0.1 0.35 -0.28 -0.1 -0.35
0 0.26 0.11 0.43 -0.26 -0.11 -0.43
0 0.27 0.16 0.37 -0.27 -0.16 -0.37
0 0.28 0.18 0.31 -0.28 -0.18 -0.31
0 0.26 0.16 0.34 -0.26 -0.16 -0.34
0 0.27 0.17 0.36 -0.27 -0.17 -0.36
0 0.34 0.18 0.34 -0.34 -0.18 -0.34

72




73

0 0.33 0.22 0.34 -0.33 -0.22 -0.34
0 0.29 0.23 0.42 -0.29 -0.23 -0.42
0 0.29 0.2 0.38 -0.29 -0.2 -0.38
0 0.31 0.16 0.35 -0.31 -0.16 -0.35
0 0.28 0.17 0.34 -0.28 -0.17 -0.34
0 0.28 0.16 0.34 -0.28 -0.16 -0.34
0 0.27 0.14 0.32 -0.27 -0.14 -0.32
0 0.26 0.12 0.3 -0.26 -0.12 -0.3
0 0.24 0.16 0.25 -0.24 -0.16 -0.25
0 0.23 0.16 0.26 -0.23 -0.16 -0.26
0 0.21 0.17 0.23 -0.21 -0.17 -0.23
0 0.18 0.21 0.28 -0.18 -0.21 -0.28
0 0.25 0.22 0.28 -0.25 -0.22 -0.28
0 0.22 0.23 0.34 -0.22 -0.23 -0.34
0 0.26 0.25 0.34 -0.26 -0.25 -0.34
0 0.28 0.2 0.35 -0.28 -0.2 -0.35
0 0.3 0.19 0.3 -0.3 -0.19 -0.3
0 0.3 0.19 0.33 -0.3 -0.19 -0.33
0 0.31 0.17 0.33 -0.31 -0.17 -0.33
0 0.3 0.1 0.36 -0.3 -0.1 -0.36
0 0.31 0.13 0.33 -0.31 -0.13 -0.33
0 0.32 0.15 0.35 -0.32 -0.15 -0.35
0 0.31 0.18 0.31 -0.31 -0.18 -0.31
0 0.28 0.21 0.38 -0.28 -0.21 -0.38
0 0.3 0.22 0.41 -0.3 -0.22 -0.41
0 0.27 0.23 0.42 -0.27 -0.23 -0.42
0 0.27 0.24 0.41 -0.27 -0.24 -0.41
0 0.21 0.25 0.36 -0.21 -0.25 -0.36
0 0.21 0.3 0.35 -0.21 -0.3 -0.35
0 0.16 0.29 0.38 -0.16 -0.29 -0.38
0 0.21 0.25 0.34 -0.21 -0.25 -0.34
0 0.23 0.24 0.33 -0.23 -0.24 -0.33
0 0.21 0.26 0.36 -0.21 -0.26 -0.36
0 0.26 0.23 0.4 -0.26 -0.23 -0.4
0 0.25 0.24 0.35 -0.25 -0.24 -0.35
0 0.24 0.22 0.37 -0.24 -0.22 -0.37
0 0.29 0.21 0.32 -0.29 -0.21 -0.32
0 0.28 0.19 0.35 -0.28 -0.19 -0.35
0 0.29 0.15 0.35 -0.29 -0.15 -0.35
0 0.3 0.16 0.31 -0.3 -0.16 -0.31
0 0.33 0.18 03 -0.33 -0.18 -0.3
0 0.33 0.19 0.3 -0.33 -0.19 -0.3
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0 0.34 0.21 0.32 -0.34 -0.21 -0.32
0 0.32 0.19 0.37 -0.32 -0.19 -0.37
0 0.27 0.19 0.37 -0.27 -0.19 -0.37
0 0.32 0.2 0.34 -0.32 -0.2 -0.34
0 0.31 0.21 0.4 -0.31 -0.21 -0.4
0 0.28 0.22 0.37 -0.28 -0.22 -0.37
0 0.28 0.17 0.37 -0.28 -0.17 -0.37
0 0.27 0.18 0.36 -0.27 -0.18 -0.36
0 0.31 0.2 0.38 -0.31 -0.2 -0.38
0 0.3 0.22 0.35 -0.3 -0.22 -0.35
0 0.29 0.23 0.29 -0.29 -0.23 -0.29
0 0.26 0.24 0.33 -0.26 -0.24 -0.33
0 0.28 0.2 0.28 -0.28 -0.2 -0.28
0 0.29 0.2 0.34 -0.29 -0.2 -0.34
0 0.28 0.16 0.39 -0.28 -0.16 -0.39
0 0.26 0.15 0.36 -0.26 -0.15 -0.36
0 0.27 0.15 0.35 -0.27 -0.15 -0.35
0 0.16 -0.33 0.29 -0.16 0.33 -0.29
0 0.26 -0.06 0.21 -0.26 0.06 -0.21
0 0.26 0.08 0.32 -0.26 -0.08 -0.32
0 0.22 0.07 0.34 -0.22 -0.07 -0.34
0 0.24 0.14 0.39 -0.24 -0.14 -0.39
0 0.39 0.19 0.31 -0.39 -0.19 -0.31
0 0.29 0.25 0.31 -0.29 -0.25 -0.31
0 0.26 0.25 0.25 -0.26 -0.25 -0.25
0 0.28 0.22 0.29 -0.28 -0.22 -0.29
0 0.37 0.24 0.32 -0.37 -0.24 -0.32
0 0.3 0.12 0.33 -0.3 -0.12 -0.33
0 0.33 0.13 0.34 -0.33 -0.13 -0.34
0 0.31 0.29 0.46 -0.31 -0.29 -0.46
0 0.5 0.18 0.54 -0.5 -0.18 -0.54
0 0.7 0.17 0.52 -0.7 -0.17 -0.52
0 1.02 0.17 0.28 -1.02 -0.17 -0.28
0 0.82 -0.08 0.3 -0.82 0.08 -0.3
0 0.91 0.15 0.51 -0.91 -0.15 -0.51
0 1.15 0.21 0.56 -1.15 -0.21 -0.56
0 1.46 0.76 0.49 -1.46 -0.76 -0.49
0 0.14 0.81 -0.08 -0.14 -0.81 0.08
0 -1.61 -0.18 -0.67 1.61 0.18 0.67
0 -1.97 -0.98 -0.86 1.97 0.98 0.86
0 0.41 -0.88 -0.41 -0.41 0.88 0.41
0 2.51 -0.46 0.18 -2.51 0.46 -0.18
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0 2.16 -0.39 0.1 -2.16 0.39 -0.1
0 0.38 -0.49 -0.09 -0.38 0.49 0.09
0 -0.45 -0.09 -0.02 0.45 0.09 0.02
0 0.79 1.57 0.35 -0.79 -1.57 -0.35
0 1.37 3.49 0.61 -1.37 -3.49 -0.61
0 -1.44 2.89 0 1.44 -2.89 0

0 -3.35 0.38 -0.28 3.35 -0.38 0.28
0 -1.52 -1.51 -0.49 1.52 1.51 0.49
0 1.15 -1.63 0.28 -1.15 1.63 -0.28
0 1.13 -1.35 0.28 -1.13 1.35 -0.28
0 -1.72 -0.86 -0.1 1.72 0.86 0.1

0 -2.69 -0.37 -0.51 2.69 0.37 0.51
0 -0.16 -0.32 0.15 0.16 0.32 -0.15
0 2.03 -0.05 1.33 -2.03 0.05 -1.33
0 1.01 -0.9 0.95 -1.01 0.9 -0.95
0 -1.33 -2.3 -0.42 1.33 2.3 0.42
0 -0.73 -1.79 -0.43 0.73 1.79 0.43
0 0.91 -0.63 0.44 -0.91 0.63 -0.44
0 0.97 -0.47 1.27 -0.97 0.47 -1.27
0 0.55 -0.38 1.39 -0.55 0.38 -1.39
0 1.2 1.54 1.5 -1.2 -1.54 -15
0 0.69 2.18 1.41 -0.69 -2.18 -1.41
0 -1.19 -0.55 0.79 1.19 0.55 -0.79
0 -0.13 -2.09 0.02 0.13 2.09 -0.02
0 2.43 0.35 0.51 -2.43 -0.35 -0.51
0 1.93 2.35 1.28 -1.93 -2.35 -1.28
0 -1.1 1.16 0.59 11 -1.16 -0.59
0 -1.8 -0.13 -0.67 1.8 0.13 0.67
0 1.71 2.23 0.72 -1.71 -2.23 -0.72
0 3.86 4.84 3.14 -3.86 -4.84 -3.14
0 0.62 2.71 1.92 -0.62 -2.71 -1.92
0 -2.46 -0.97 -0.96 2.46 0.97 0.96
0 -1.33 -1.09 -1.33 1.33 1.09 1.33
0 1.68 2.17 1.45 -1.68 -2.17 -1.45
0 2.75 3.93 3.3 -2.75 -3.93 -3.3
0 0.96 2.06 1.74 -0.96 -2.06 -1.74
0 -2.26 -1.73 -1.15 2.26 1.73 1.15
0 -1.96 -3.09 -1 1.96 3.09 1

0 1.97 -0.9 1.13 -1.97 0.9 -1.13
0 2.61 -0.15 1.43 -2.61 0.15 -1.43
0 -0.32 -1.97 -0.33 0.32 1.97 0.33
0 -0.54 -2.19 -0.67 0.54 2.19 0.67
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0 2.25 0.32 1.3 -2.25 -0.32 -1.3
0 2.67 1.43 1.81 -2.67 -1.43 -1.81
0 -0.74 -0.05 -0.44 0.74 0.05 0.44
0 -2.82 0.48 -1.34 2.82 -0.48 1.34
0 -0.42 3.59 1.25 0.42 -3.59 -1.25
0 1.17 2.69 2.47 -1.17 -2.69 -2.47
0 -0.37 -2.62 -0.2 0.37 2.62 0.2
0 -0.94 -5.24 -1.93 0.94 5.24 1.93
0 1.76 -1.43 0.82 -1.76 1.43 -0.82
0 3.34 2.64 3.13 -3.34 -2.64 -3.13
0 0.71 2.17 1.36 -0.71 -2.17 -1.36
0 -2.86 -0.18 -1.18 2.86 0.18 1.18
0 -1.82 0.62 0.06 1.82 -0.62 -0.06
0 2.42 3.16 3.26 -2.42 -3.16 -3.26
0 3.76 2.6 3.96 -3.76 -2.6 -3.96
0 0.8 -1.13 0.78 -0.8 1.13 -0.78
0 -1.66 -3.14 -0.85 1.66 3.14 0.85
0 0.43 -0.98 0.22 -0.43 0.98 -0.22
0 1.36 1.79 1.57 -1.36 -1.79 -1.57
0 -1.57 1.02 0.33 1.57 -1.02 -0.33
0 -3.2 -1.17 -1.37 3.2 1.17 1.37
0 -0.26 0.04 0.07 0.26 -0.04 -0.07
0 1.94 1.89 2.05 -1.94 -1.89 -2.05
0 0.67 0.12 1.13 -0.67 -0.12 -1.13
0 0.17 -1.87 -0.99 -0.17 1.87 0.99
0 1.71 0.38 0.16 -1.71 -0.38 -0.16
0 111 2.38 1.66 -1.11 -2.38 -1.66
0 -1.58 0.22 -0.52 1.58 -0.22 0.52
0 -1.43 -0.75 -1.55 1.43 0.75 1.55
0 11 1.51 0.57 -11 -1.51 -0.57
0 1.33 2.68 2.21 -1.33 -2.68 -2.21
0 -0.23 0.65 0.38 0.23 -0.65 -0.38
0 0.76 0.41 -0.78 -0.76 -0.41 0.78
0 2.49 2.99 2.13 -2.49 -2.99 -2.13
0 -0.7 -0.64 2.06 0.7 0.64 -2.06
0 -1.83 -6.64 -0.08 1.83 6.64 0.08
0 3.53 -5.84 1.36 -3.53 5.84 -1.36
0 1.53 -9.14 -0.46 -1.53 9.14 0.46
0 1.34 -7.48 -1.12 -1.34 7.48 1.12
0 0.94 -6.18 -0.85 -0.94 6.18 0.85
0 0.88 -4.9 -0.66 -0.88 4.9 0.66
0 0.9 -3.89 -0.48 -0.9 3.89 0.48
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0 0.96 -3.02 -0.33 -0.96 3.02 0.33
0 0.92 -2.32 -0.2 -0.92 2.32 0.2

0 0.88 -1.76 -0.08 -0.88 1.76 0.08
0 0.83 -1.31 -0.02 -0.83 131 0.02
0 0.85 -0.92 0 -0.85 0.92 0

0 0.82 -0.59 0.09 -0.82 0.59 -0.09
0 0.61 -0.45 0.09 -0.61 0.45 -0.09
0 0.57 -0.35 0.22 -0.57 0.35 -0.22
0 0.54 -0.27 0.28 -0.54 0.27 -0.28
0 0.38 -0.2 0.26 -0.38 0.2 -0.26
0 0.25 -0.18 0.28 -0.25 0.18 -0.28
0 0.11 -0.15 0.32 -0.11 0.15 -0.32
0 0.04 -0.18 0.37 -0.04 0.18 -0.37
0 0.07 -0.09 0.25 -0.07 0.09 -0.25
0 0.08 -0.04 0.31 -0.08 0.04 -0.31
0 0.34 0.17 0.32 -0.34 -0.17 -0.32
0 0.35 0.2 0.29 -0.35 -0.2 -0.29
0 0.35 0.2 0.32 -0.35 -0.2 -0.32
0 0.31 0.14 0.27 -0.31 -0.14 -0.27
0 0.36 0.12 0.29 -0.36 -0.12 -0.29
0 0.34 0.16 0.2 -0.34 -0.16 -0.2
0 0.3 0.17 0.2 -0.3 -0.17 -0.2
0 0.27 0.16 0.26 -0.27 -0.16 -0.26
0 0.31 0.19 0.34 -0.31 -0.19 -0.34
0 0.32 0.19 0.32 -0.32 -0.19 -0.32
0 0.31 0.2 0.35 -0.31 -0.2 -0.35
0 0.29 0.2 0.37 -0.29 -0.2 -0.37
0 0.27 0.23 0.36 -0.27 -0.23 -0.36
0 0.28 0.24 0.28 -0.28 -0.24 -0.28
0 0.24 0.22 0.24 -0.24 -0.22 -0.24
0 0.25 0.23 0.27 -0.25 -0.23 -0.27
0 0.24 0.18 0.3 -0.24 -0.18 -0.3
0 0.24 0.18 0.31 -0.24 -0.18 -0.31
0 0.23 0.15 0.3 -0.23 -0.15 -0.3
0 0.23 0.19 0.35 -0.23 -0.19 -0.35
0 0.26 0.14 0.4 -0.26 -0.14 -0.4
0 0.27 0.18 0.48 -0.27 -0.18 -0.48
0 0.26 0.18 0.36 -0.26 -0.18 -0.36
0 0.24 0.2 0.4 -0.24 -0.2 -0.4
0 0.26 0.18 0.31 -0.26 -0.18 -0.31
0 0.26 0.18 0.25 -0.26 -0.18 -0.25
0 0.27 0.17 0.23 -0.27 -0.17 -0.23
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0 0.28 0.18 0.28 -0.28 -0.18 -0.28
0 0.27 0.13 0.28 -0.27 -0.13 -0.28
0 0.25 0.11 0.25 -0.25 -0.11 -0.25
0 0.22 0.07 0.29 -0.22 -0.07 -0.29
0 0.23 0.09 0.33 -0.23 -0.09 -0.33
0 0.23 0.07 0.33 -0.23 -0.07 -0.33
0 0.21 0.08 0.38 -0.21 -0.08 -0.38
0 0.28 0.1 0.35 -0.28 -0.1 -0.35
0 0.26 0.11 0.43 -0.26 -0.11 -0.43
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LAMPIRAN 3
LISTING PROGRAM ARDUINO

#include <Wire.h>

float pid_p_gain = 2.19924;
float pid_i_gain= 0.52267,
float pid_d_gain = 12.54983;
int pid_max_roll = 400;

int receiver_input_channel_1, receiver_input_channel_2, receiver_input_channel_3,
receiver_input_channel_4;

int counter_channel_1, counter_channel_2, counter_channel_3, counter_channel_4,
loop_counter;

intesc_1,esc 2,esc_3,esc_4;

int throttle, battery voltage;

unsigned long timer_channel_1, timer_channel_2, timer_channel_3, timer_channel 4,
esc_timer, esc_loop_timer;

unsigned long timer_1, timer_2, timer_3, timer_4, current_time;

int cal_int, start;

unsigned long loop_timer;

double gyro_pitch, gyro_roll, gyro_yaw;

double gyro_roll_cal, gyro_pitch_cal, gyro_yaw_cal;

byte highByte, lowByte;

void setup(){

Wire.begin();
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DDRD |= B11110000;
DDRB |= B00110000;

digitalWrite(12,HIGH);
delay(3000);

Wire.beginTransmission(105);
Wire.write(0x20);
Wire.write(Ox0F);
Wire.endTransmission();

Wire.beginTransmission(105);
Wire.write(0x23);
Wire.write(0x90);

Wire.endTransmission();

delay(250);

for (cal_int = 0; cal_int <2000 ; cal_int ++){
if(cal_int % 15 == 0)digitalWrite(12, !digitalRead(12));
gyro_signalen();
gyro_roll_cal += gyro_roll;
gyro_pitch_cal += gyro_pitch;

gyro_yaw_cal += gyro_yaw;

PORTD |= B11110000;
delayMicroseconds(1000);
PORTD &= B00001111;
delay(3);
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gyro_roll_cal /= 2000;
gyro_pitch_cal /= 2000;
gyro_yaw_cal /= 2000;

PCICR |= (1 << PCIEQ);

PCMSKO |= (1 << PCINTO);
PCMSKO |= (1 << PCINTL);
PCMSKO |= (1 << PCINT2):
PCMSKO |= (1 << PCINT3);

while(receiver_input_channel_3 <990 || receiver_input_channel_3 > 1020 ||
receiver_input_channel_4 < 1400){
start ++;
PORTD |= B11110000;
delayMicroseconds(1000);
PORTD &= B00001111;
delay(3);
if(start == 125){
digitalWrite(12, !digitalRead(12));
start = 0;
}
}

start = 0;

battery _voltage = (analogRead(0) + 65) * 1.2317;

digitalWrite(12,LOW);
¥

void loop(){
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gyro_signalen();

gyro_roll_input = (gyro_roll_input * 0.8) + ((gyro_roll / 57.14286) * 0.2); 1IGyro
pid input is deg/sec.

gyro_pitch_input = (gyro_pitch_input * 0.8) + ((gyro_pitch / 57.14286) * 0.2);
//Gyro pid input is deg/sec.

gyro_yaw_input = (gyro_yaw_input * 0.8) + ((gyro_yaw / 57.14286) * 0.2);
//Gyro pid input is deg/sec.

if(receiver_input_channel 3 < 1050 && receiver_input_channel 4 < 1050)start = 1;

if(start == 1 && receiver_input_channel_3 < 1050 && receiver_input_channel_4 >
1450){

start = 2;

pid_i_mem_roll = 0;
pid_last_roll_d_error = 0;
pid_i_mem_pitch = 0;
pid_last_pitch_d_error = 0;
pid_i_mem_yaw = 0;

pid_last_yaw _d_error = 0;

if(start == 2 && receiver_input_channel_3 < 1050 && receiver_input_channel_4 >
1950)start = 0;
pid_roll_setpoint = 0;
if(receiver_input_channel 1 > 1508)pid_roll_setpoint = (receiver_input_channel 1 -
1508)/3.0;
else if(receiver_input_channel_1 < 1492)pid_roll_setpoint = (receiver_input_channel_1 -
1492)/3.0;
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pid_pitch_setpoint = 0O;
if(receiver_input_channel_2 > 1508)pid_pitch_setpoint = (receiver_input_channel_2 -
1508)/3.0;
else if(receiver_input_channel_2 < 1492)pid_pitch_setpoint = (receiver_input_channel_2
- 1492)/3.0;

pid_yaw_setpoint = 0;

if(receiver_input_channel_3 > 1050){
if(receiver_input_channel_4 > 1508)pid_yaw_setpoint = (receiver_input_channel_4 -
1508)/3.0;
else if(receiver_input_channel_4 < 1492)pid_yaw_setpoint = (receiver_input_channel_4
- 1492)/3.0;
¥

calculate_pid();

battery voltage = battery voltage * 0.92 + (analogRead(0) + 65) * 0.09853;

if(battery_voltage < 1050 && battery_voltage > 600)digitalWrite(12, HIGH);

throttle = receiver_input_channel_3;

if (start == 2){
if (throttle > 1800) throttle = 1800;
esc_1 = throttle - pid_output_pitch + pid_output_roll - pid_output_yaw;
esc_2 = throttle + pid_output_pitch + pid_output_roll + pid_output_yaw;
esc_3 = throttle + pid_output_pitch - pid_output_roll - pid_output_yaw;
esc_4 = throttle - pid_output_pitch - pid_output_roll + pid_output_yaw;

if (battery_voltage < 1240 && battery voltage > 800){
esc_1+=-esc_1* ((1240 - battery_voltage)/(float)3500);
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esc_2 +=esc_2 * ((1240 - battery_voltage)/(float)3500);
esc_3 +=esc_3 * ((1240 - battery_voltage)/(float)3500);
esc_4 +=esc_4 * ((1240 - battery voltage)/(float)3500);

}

if (esc_1 < 1200) esc_1 =1200;
if (esc_2 < 1200) esc_2 = 1200;
if (esc_3 < 1200) esc_3 = 1200;
if (esc_4 < 1200) esc_4 = 1200;

if(esc_1 > 2000)esc_1 = 2000;

if(esc_2 > 2000)esc_2 = 2000;

if(esc_3 > 2000)esc_3 = 2000;

if(esc_4 > 2000)esc_4 = 2000;
}

else{
esc_1=1000;
esc_2 =1000;
esc_3 =1000;
esc_4 =1000;

while(micros() - loop_timer < 4000);

loop_timer = micros();

PORTD |= B11110000;

timer_channel_1 =esc_1 + loop_timer;
timer_channel_2 =esc_2 + loop_timer;
timer_channel_3 =esc_3 + loop_timer;

timer_channel_4 = esc_4 + loop_timer;
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while(PORTD >= 16){
esc_loop_timer = micros();
if(timer_channel_1 <=esc_loop_timer)PORTD &= B11101111;
if(timer_channel_2 <=esc_loop_timer)PORTD &= B11011111;
if(timer_channel_3 <=esc_loop_timer)PORTD &= B10111111;
if(timer_channel_4 <=esc_loop_timer)PORTD &= B01111111;

ISR(PCINTO_vect){
current_time = micros();
/IChannel 1===================—=————-—oooooooooooooooo
if(PINB & B00000001){
if(last_channel 1 ==0){
last_channel 1 =1,
timer_1 = current_time;
}
}
else if(last_channel_1 == 1){
last_channel_1 =0;
receiver_input_channel_1 = current_time - timer_1;
}
//IChannel 2=========================================
if(PINB & B00000010 ){
if(last_channel_2 == 0){
last_channel 2 =1;
timer_2 = current_time;
}
}

else if(last_channel_2 == 1){
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last_channel_2 = 0;
receiver_input_channel_2 = current_time - timer_2;
}
//IChannel 3=========================================
if(PINB & B00000100 ){
if(last_channel_3 == 0){
last_channel 3 =1,
timer_3 = current_time;
¥
¥
else if(last_channel_3 ==1){
last_channel_3 =0;

receiver_input_channel_3 = current_time - timer_3;

}
//IChannel 4=========================================
if(PINB & B00001000 ){
if(last_channel_4 == 0){
last_channel 4 =1,
timer_4 = current_time;
¥

¥
else if(last_channel 4 == 1){

last_channel_4 =0;
receiver_input_channel_4 = current_time - timer_4;
}
}

void gyro_signalen(){
Wire.beginTransmission(105);
Wire.write(168);
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Wire.endTransmission();
Wire.requestFrom(105, 6);
while(Wire.available() < 6);

lowByte = Wire.read();

highByte = Wire.read();

gyro_roll = ((highByte<<8)|lowByte);
if(cal_int == 2000)gyro_roll -= gyro_roll_cal;
lowByte = Wire.read();

highByte = Wire.read();

gyro_pitch = ((highByte<<8)|lowByte);
gyro_pitch *=-1;

if(cal_int == 2000)gyro_pitch -= gyro_pitch_cal;
lowByte = Wire.read();

highByte = Wire.read();

gyro_yaw = ((highByte<<8)|lowByte);
gyro_yaw *=-1;

if(cal_int == 2000)gyro_yaw -= gyro_yaw_cal;

void calculate_pid(){
//Roll calculations
pid_error_temp = gyro_roll_input - pid_setpoint;
pid_i_mem +=pid_i_gain * pid_error_temp;
if(pid_i_mem > pid_max)pid_i_mem = pid_max;

else if(pid_i_mem < pid_max * -1)pid_i_mem = pid_max * -1;

pid_output_roll = pid_p_gain * pid_error_temp + pid_i_mem + pid_d_gain *
(pid_error_temp - pid_last_d_error);
if(pid_output > pid_max)pid_output = pid_max;

else if(pid_output_roll < pid_max_roll * -1)pid_output_roll = pid_max_roll * -1;
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pid_last_roll_d_error = pid_error_temp;

pid_error_temp = gyro_pitch_input - pid_setpoint;
pid_i_mem += pid_i_gain* pid_error_temp;
if(pid_i_mem > pid_max)pid_i_mem = pid_max;

else if(pid_i_mem_pitch < pid_max_pitch * -1)pid_i_mem_pitch = pid_max_pitch * -1,

pid_output_pitch = pid_p_gain * pid_error_temp + pid_i_mem + pid_d_gain *
(pid_error_temp - pid_last_d_error);

if(pid_output > pid_max)pid_output = pid_max;

else if(pid_output < pid_max * -1)pid_output = pid_max * -1,

pid_last_d_error = pid_error_temp;

pid_error_temp = gyro_yaw_input - pid_setpoint;
pid_i_mem +=pid_i_gain * pid_error_temp;
if(pid_i_mem > pid_max)pid_i_mem = pid_max;

else if(pid_i_mem < pid_max * -1)pid_i_mem = pid_max * -1;

pid_output_yaw = pid_p_gain * pid_error_temp + pid_i_mem + pid_d_gain*
(pid_error_temp - pid_last_d_error);

if(pid_output > pid_max)pid_output = pid_max;

else if(pid_output < pid_max * -1)pid_output = pid_max * -1;

pid_last_yaw d_error = pid_error_temp;

¥
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LAMPIRAN 4
LISTING PROGRAM MATLAB

x = linspace(0,67.9,1394);

figure
plot(x,roll,'g',x,Set,'r")
ylim([-15 157)
xlabel ('Time (second) ")
ylabel ('Sudut (derajat) ")
title('keluaran sudut roll"')
legend('roll', 'Setpoint")
hold on

figure

plot (x,pitch, 'b',x,Set,'r")
ylim([-15 157)
xlabel ('Time (second) ')

ylabel ('Sudut (derajat) ")
title ('keluaran sudut pitch')
legend ('pitch', 'Setpoint")
hold on

figure

plot(x,yaw, 'y',x,Set,'r")
ylim([-15 157)
xlabel ('Time (second) ")
ylabel ('Sudut (derajat) ')
title ('Keluaran sudut yaw')
legend ('yaw', 'Setpoint'")
hold on

figure

plot (x,pitch, 'b',x,ro0ll, '9g',x,yaw,'y',x,Set,'r")
ylim([-15 157])

xlabel ('Time (second) ")

ylabel ('Sudut (derajat) ')

title ('Keluaran Sudut Keseluruhan')
legend('pitch', 'roll', 'yaw', 'Setpoint")

hold on
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LAMPIRAN 5
DATASHEET
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ARDUINO

Arduino Uno

L LR T
f .

N COEC it .

Arduino Uno R2 Front Arduino Uno SMD Arduino Uno Front Arduino Uno Back

Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datashest). It has 14 digital
input/output pins {of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic
resonator, a USB connection, a power jack, an ICSP header, and a reset button. It contains
everything needed to support the microcontroller; simply connect it to a computer with a USB cable or
power it with a AC-to-DC adapter or battery to get started.
The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the Atmegal6U2 (Atmega8U2 up to version R2) programmed as a USB-to-
serial converter.

I Revizion 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground, making it easier to
put into DFU mode.

| Revision 3 of the board has the following new features:

e 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage
provided from the board. In future, shields will be compatible both with the board that use the
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Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which & provide PWM output)

Analog Input Pins [

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega32a)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: arduino-uno-Rev3-reference-design.zip (NOTE: works with Eagle 6.0 and newer)
Schematic: grduing-ung-Revd-schematicpdf

Mote: The Arduine reference design can use an Atmega8, 168, or 328, Current models use an
ATmega328, but an Atmega8 is shown in the schematic for reference. The pin configuration is
identical on all three processors.

Power

The Arduino Uno can be powered via the USE connection or with an external power supply. The

power source is selected automatically.

External (non-USB) power can come either fram an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-positive plug into the board’s power jack. Leads
from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector,

The board can operate on an external supply of & to 20 velts, If supplied with less than 7V, however,
the 5V pin may supply less than five veolts and the board may be unstable, If using mare than 12V,

the voltage regulator may overheat and damage the board. The recommendad range is 7 to 12 volts.
The power pins are as follows:

¢+ VIN. The input voltage to the Arduino board when it's using an external power source (as
opposed to 5 volts from the USE connection or other regulated power source). You can supply
voltage through this pin, or, if supplying voltage via the power jack, access it through this pin.

¢+ S5V.This pin outputs a regulated 5V from the regulator on the board. The board can be
supplied with power either from the DC power jack (7 - 12V), the USE connector (5V), or the
VIN pin of the board (7-12V). Supplying voltage via the 3V or 3.3V pins bypasses the
regulator, and can damage your board. We don't advise it.

# 3W3. A 3.3 volt supply genarated by the on-board regulator. Maximum current draw is 50 mA.

+ GND. Ground pins.

Memory

The ATmega328 has 32 KB {with 0.5 KB usad for the bootloader). It also has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the EEPROM library).
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Bluetooth

INead Hiwaie

Shawter M1 LRl canber
L T P

HC-05

-Bluetooth to Serial Port Module

Overview

HC-05 module i an ey to use Bluetooth SPP (Serial Fort Protocoi] module, dezigned for
trancparent wirsiess serial connection zatup.

Sarial port Bluetooth mocule iz fully qualitied Siuetooth V2. 0+EDA (Enhanced Data Rate] 3Nz
Mocuistion with compiete 24GH: radio transceiver and baseband. It uwses CSR Swuecore
04-Edternal zingle chip Biuetooth system with OMOS tachnology and with AFH{Adsptve
Frequency Hopping Feature). it has the footprint as small a3 12.7mmu@7mm. Hope it will Smplity
your overal design/cevelopment cyde.

Specifications

Hardware features

Tyoical -30c8m sensitivity
Up to +4dBm RF trarcmit power

Low Power 1.2V Operstion .12 to 3.6VI/O
PO control

UART intarface with programmabie bauc rate
With integrated antenna

With ecge connector

HWE0S Bustoomh module Bandeido.com 081321030
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ITomd Stwmdio

2] — .
Software features
# Default Baud rie 38400, Dmta bits:E, Stop bitd Feritclo perity, Dota conbrob hes
Supported esud mee: 5600, 15200, 32400, 37600, L1500, 3 30400, 460800
®  Ghven s rising pulse in PE00, devios will be disconnected,
®  Stabus instruction port FICL: ow-gisconnected, highroonnected:
® P00 and FIDLL cn e connected tored and blue led separately When master and st
sre paired, red and biue led blinks 1time2s in inberesl, while disconnected only blue led
biinks Zimess.
®  Asho-tonnect to the last device on power as default
®  Permit pairing devios o Connect &5 Gefsult.
& Ayho-peining PRNCODE"0000" as defmult
®  Abo-reconnect in 30 min wihen disconnechend &5 8 result of Deyond the mnge of connection.
Hardware
12. Tmm
s l
-—
- r
= - 27 .0mm i
= 18 mm :
: -
| = J_ = 4
-
e I — nuuﬁ I‘--’*fﬂm
whBEFaLE
' Jummat—
Lk Sisin
HE-E Bustont meduls Rasdrudin e oR1d a0
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MPUG6050

fmvenSense

-

MPU-E000MPU-E050 Product Spacification

Dexcumast Momber. FE-MFL-E0002-50
Favison 1.0
Foslmmme Cada 11024679010

& Electrical Characteristics

&1 Gyroscops Specificalons

VDO = 2 505, 30N, or 3.3We0%, WVLOGEC [MPU-E0SD onty) = 1.8V25% or VDD, T, = 25°C

PAREMETER CORMTIONS HIK P MAX | UKITE NOTES
GYROSCOPE SENSITPATY
Fuil-Scula Rtange Fi§_BELed £2050 k.
Fi§_BELe2 £1000 k.
F&_BELs1 24500 L
F&_BEL=O 125 L
Gyrocope ADC Werd Langh 8 B
Seritvity Scula Facior F&_BEL=D 131 LSRN
Fi&_BEL=1 55 LR
F&_BEL=2 A LR
Fi&_BEL=3 184 LSRN
Sermituity Scals Fucke Tolerascs ] -5 w5 \-
Sermituity Scals Factor Varutian Cer 22 \-
Tareratan
Bast # sbuight lina; 25°C \-
p ]
CYROSCOPE ZERD-RATE QUTPUT (2RO}
inital 20 Tolarwnce = 29 L
FRO Yurution Over Tempensture TG b 857G 120 k.
Powar-Supoly Besuithity |1-00¢z] Sne wira, 100mives; VOD=Z 5V oz k.
Powmr-Supsly Bassiiaty (10 - 280Hr) Snewava, 100mies; VOD=2 8V oz L
Powme-Supsly Basuiivity 250k - 100kHE| Sine wiva, 100mee; VDD=Z 5V 4 L
Linswr Accsieraion Sasslivity Stk a1 i
CYROSCOPE NOISE PERF ORMAKCE F&_SEL=d
Totwl HME Mose DBLFFCFG=2 (108HE (il ] e rrm
Lons-draquency RMS nobe Hundeic 1Hz IioHe [T ] Tt
Fiate Mok Spectsl Dernity B 1OHE 0088 i iHE
GYROSCOPE MECHARICAL
FREQUENGIES
e 1] B ] e
fobirm T i} i e
I-Rain 4 i 30 ez
SELF TEST RESPOMSE
K, ¥, wred 2 woan i e
DUTPUT DATA RATE
Peogrammubla 4 5,030 He
CYROSCOPE START-UP TINE DLPFCFG=0
IR0 Batieg to 21% of Fieal 30 L)
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fmvenSense

MPLU-ED0DMPU-S050 Product Speclication

Documast Momber. PR L-8000A-00
Ravmion 1.0
Falmme Cuta 11024670010

£2  Acceleromaior Spacificadons
VDO = 2.5V5%, 3OVES%, of 33VED%, VLOGET [MPUHEDED only) = 1.8V25% or VDD, T, = 25°C

FARANETER IR TP MAK | UsITE HOTES
ACCELERONE TER SENSITIATY
Fal-Scuie g = 7
= ]
= 7

218 mode 218 =l
ADC Weed Langth Oupet in fvo's complement forme L] B
Hormidly Scule Festoe 227 mode o mplLEs

2 meade o1 gL

=g mede (ET] mplLEE

218z moda [T nplEs
I~fal Cabreto- loeerce z *
Sormtvity Change v Tempersiurs iExgi o1 L Tt
Momh-amey B F& 5 bmigt Lne g =
Lorows-Aais Sorm ity 2 k.
ZERD-G QUTPUT
I~fal Cabreto- 1oeece 50 ng
Epro-G Lavsl Changs vi Tamgerature #1 mps
SELF TEST RESPORIE

K.Y, eed I mem a3 g
ROSE PERFORNANCE
Fower Spaciral Demsify a10-: 50 g dHr
LA P ASS FILTER RESFOMSE

Pesgamres b ge El 85 | He
OUTPUT DATA RATE

Peogas e b e 4 1080 | He

)'

InvenSense

MPU-EIC0MPUHE050 Product Spacification

Rareidon 1.0
Releme Duwle 11024675010

£3 Elecirical and Other Common Specifications
VDO = 2. 505%, 30VESS:, or 3.30WeE%, VLOGEC [(MPU-E0SD only) = 1.8W2 5% or VDD, T, = 25°C

PARANETER COKCITIONS MIN T MAX Units

WD FOVWEN SUPPLY

Ciperali-g Vo tegs 7 e, W

3 HEI% W
336N L

hor el Uerabng Conad Lyroscope + Accelerometer ¢ [ (1] [y
Gyrowcope + Cae ET] rd,
thooimomEe o e
Acceimomries achp Eo ] Y
(DR & Gyroscope Sabled]

Accalerometer Low Powe: Mode 10H: upduie reie 40 [

=

Full-Chip ida Mode Bupply Gormast 5 A

Powe Soppy Harc Hule Montanic mme. Famg re w10 ] —
o G0 ol Be Bnal valos

VLD HEFERENCE WOLTAGE WFLU-B050 only

g Raga VLOGEG e b SWEAD kB i o v

Powe Soppy Harc Hule Montanic mme. Famg re w10 = —
o G0N of Be Bnal valos

hormal Coeradng Conesi 100 =B

START-UF TIME FOR REGISTER m =] ™

READAWIITE

TEMPFERATURE RANGE

Sracied [emzerwiers Harga Perfzrmasce paremeies ate ol 40 -] ]
mpicable beyosd Speciferd
lamcer ek 1o Hunge

SEMAL NTERFACE

5P Cperstng Freguescy, & MU0 oy, Low Seees 10 705 e

Heguiors HasdAhin Chwrectsriceton
MPU-S000 anly, High Bpesd 1205% (T2
Charsctericeton

SF Cpersing Freguescy, Sermear MU0 anly W0210% M

nd imte-apt Regsters Sewd Only

e Opemsing Freguency Al rog mters, Fust-mode 420 kic
Bl repsters, Steecad-mods 0 L2t
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MOTOR BLDC OUTRUNNER T-REX 1000KV

Type: A2212/13

No. Of cells:2-3 Li-Poly
RPM/:1000 RMPNV

Max. efficiency:80%

Max. efficiency current4-10A (=75%)
No load current/10 V.05 A
Current capacity:12A/60 s
Internal Resistance: 90 mQ
Dimensions:27.5x30 mm
Shaft diameter: 3.17 mm
Weight47 g
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