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Abstract

This document contains raw numerical values omitted from [1] for lack of space. It gives
the dimensions of the vehicle, coordinates of the obstacles, and the location of initial and
desired goal sets used in the parallel parking strategy presented in that paper. Additionally,
this document lists the coordinates of vertices, simplices and polytopes used in [1], as well
as controls assigned at each vertex and each simplex of the state space. For details on the
proposed parking maneuver, we invite the reader to consult [1].

1 Vehicle Size

Dimensions of the car:

wheelbase 2.468m,

width 1.952m,

distance of the front end from the front axle 0.911m,
distance of the back end from the rear axle 0.819m.

2 Obstacle Positions

Unless otherwise stated, all values in the remainder of this file are given in metres.

Position of the front parked car: Position of the rear parked car:
rear left corner (2,0), rear left corner (—10.198,0),
rear right corner (2, —1.952), rear right corner  (—10.198, —1.952),
front left corner (6.198,0), front left corner (—6,0),
front right corner  (6.198, —1.952). front right corner (—6,—1.952).

Position of the curb: {(z,y) € R? | y < —2.002}.
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3 Positions of the Initial and Ending Box

Coordinates of the initial box Z: Coordinates of the ending box &:
top left corner (2.319,1.976), top left corner (—5.181,—-0.676),
bottom left corner  (2.319,1.726), bottom left corner  (—5.181, —0.976),
top right corner (2.819,1.976), top right corner (—1.379,—0.676),
bottom right corner (2.819,1.726). bottom right corner (—1.379,—0.976).

4 Polytope Construction

Coefficients Axy, Ay, Wiy, and wy, used in the construction of polytopes Py, k € {1,...,8},
are as follows:

ko Azp  Ayp wis Wiy
1 -0.850 -0.094 0 0.09375
2 -0.834 -0.286 0 0.12
3 -0.785 -0.445 0 0.12
4 -0.707 -0.592 0 0.12
5 -0.707 -0.592 0 0.12
6 -0.785 -0.445 0 0.12
7 -0.834 -0.286 0 0.12
8 -0.850 -0.094 0 0.09375

In total, polytopes Py contain 40 vertices, labeled by v;, i € {1,...,40}. Vertices of polytopes Py
for k € {1,2,3,4} are vy—1)41,---,Vak41), and vertices of polytopes Py for k € {5,6,7,8} are
Vak41,- -+, V4(ky2)- Vertices vgpi1, ..., V4441) are vertices of exit facets Ft for k€ {1,2,3,4},
and vertices vy(r41)41,- .-, Va(kt2) are vertices of exit facets Fp"* for k € {5,6,7,8}. Vertices
v17, ...,V and vay, ..., Va4, respectively, coincide, but are treated as separate in the remainder of
the calculations. The coordinates (x,y, ) of vertices v; are as follows:

i x Y 0 (in rad) i x Y 0 (in rad)
1 2319 1.976 0.000 11 1.135  1.123 0.393
2 2819 1.976 0.000 12 0.635 1.123 0.393
3 2819 1.726 0.000 13 -0.150 1.505 0.589
4 2319 1.726 0.000 14 0.350 1.505 0.589
5 1469 1.976 0.196 15 0.350 0.547 0.589
6 1.969 1.976 0.196 16 -0.150 0.547 0.589
7 1969 1.539 0.196 17 -0.857 1.043 0.785
8 1469 1.539 0.196 18 -0.357 1.043 0.785
9 0.635 1.820 0.393 19 -0.357 -0.175 0.785
10 1.135 1.820 0.393 20 -0.857 -0.175 0.785



i x Y 0 (in rad) i x Yy 0 (in rad)

21 -0.857 1.043 0.785 31 -1.849 -1.472 0.393
22 -0.357 1.043 0.785 32 -2.349 -1.472 0.393
23 -0.357 -0.175 0.785 33 -3.182 0.109 0.196
24 -0.857 -0.175 0.785 34 -2.682 0.109 0.196
25 -1.563 0.580 0.589 35 -2.682 -1.888 0.196
26 -1.063 0.580 0.589 36 -3.182 -1.888 0.196
27 -1.063 -0.897 0.589 37 -4.032  0.109 0.000
28 -1.563 -0.897 0.589 38 -3.532  0.109 0.000
29 -2.349 0.265 0.393 39 -3.532 -2.076 0.000
30 -1.849 0.265 0.393 40  -4.032 -2.076 0.000

5 Polytope Triangulation

In addition to vertices vy, ...,vs9, triangulations of polytopes Py, k € {1,...,8}, make use of 8
additional points denoted by v;, i € {41,...,48}. Their coordinates are given as follows:

) x Y 0 (in rad)
41  2.144 1.804 0.098
42 1302 1.614 0.295
43 0493 1.249 0.491
44 -0.253 0.730 0.687
45 -0.960 0.138 0.687
46 -1.706 -0.381 0.491
47 -2.516 -0.747 0.295
48 -3.357 -0.936 0.098

Each polytope Pi, k € {1,...,8}, is triangulated into 12 simplices which are denoted by

Si2(k—1)41, - - - »S12¢- Each simplex Sj, j € {1,...,96}, is a convex hull of four vertices v;,,...,vj,,

with indices j1,...,74 € {1,...,48}. The vertices of all simplices are given as follows:
Jon J2 Js Ja JoJ1 J2 i3 Ja JoJ1 J2 i3 Ja
1 41 6 1 ) 13 42 10 5 9 25 43 14 11 10
2 41 3 6 7 14 42 5 8 9 26 43 9 14 10
3 41 1 6 2 15 42 8 12 9 27 43 14 9 13
4 41 6 3 2 16 42 12 8 11 28 43 9 12 13
5 4 3 41 7 17 42 5 10 6 29 43 11 14 15
6 4 41 8 7 18 42 10 7 6 30 43 12 11 15
7 4 8 41 5 19 42 7 10 11 31 43 12 16 13
8 4 41 1 5 20 42 8 7 11 32 43 16 12 15
9 41 7 6 5 21 42 11 10 9 33 43 11 9 10
10 41 8 7 5 22 42 12 11 9 34 43 11 12 9
1 4 41 3 2 23 42 7 5 6 35 43 15 14 13
12 4 1 41 2 24 42 7 8 b 36 43 16 15 13



Joq1 J2 i3 Ja Jj o q1 J2 i3 ja Joq1 J2 i3 Ja

37 44 16 15 19 o7 45 27 28 25 7T 32 29 47 33
38 44 15 18 19 58 45 26 27 25 78 31 32 47 35
39 44 16 20 17 59 45 24 23 21 79 31 47 34 35
40 44 20 16 19 60 45 21 23 22 80 31 34 47 30
41 44 13 18 14 61 30 46 25 29 81 34 36 47 33
42 44 18 15 14 62 30 25 46 26 82 34 47 36 35
43 44 13 16 17 63 28 32 46 31 83 31 47 32 29
44 44 18 13 17 64 28 46 32 29 84 31 47 29 30
45 44 20 19 17 65 28 25 46 29 85 38 48 33 37
46 44 19 18 17 66 27 28 46 31 86 38 33 48 34
47 44 16 13 14 67 27 46 30 31 87 38 48 35 34
48 44 15 16 14 68 27 30 46 26 88 38 35 48 39
49 45 26 21 22 69 30 32 46 29 89 36 48 40 37
50 45 23 26 22 70 30 46 32 31 90 36 33 48 37
51 45 21 26 25 71 27 46 28 25 91 36 40 48 39
52 45 24 21 25 72 27 46 25 26 92 36 48 35 39
53 45 26 23 27 73 34 47 29 33 93 38 40 48 37
54 45 23 24 27 74 34 29 47 30 94 38 48 40 39
55 45 28 24 25 75 32 36 47 35 95 36 48 33 34
56 45 24 28 27 76 32 47 36 33 96 36 35 48 34

6 Proposed Control Law

Speeds and front wheel angles assigned at each simplex vertex v;, i € {1,...,48}, are given as
follows:
i v (inm/s) ¢ (in rad) i v (inm/s) ¢ (inrad)
1 -1.654 -0.484 17 -1.822 -0.459
2 -1.391 -0.141 18 -2.198 0.244
3 -2.225 -0.273 19 -2.159 -0.504
4 -1.747 -0.499 20 -1.760 -0.493
5 -1.773 -0.505 21 -1.854 0.466
6 -2.319 -0.095 22 -2.264 0.136
7 -2.447 -0.509 23 -2.186 0.511
8 -1.711 -0.533 24 -1.767 0.493
9 -1.815 -0.506 25 -1.818 0.504
10 -2.348 -0.077 26 -2.358 0.071
11 -2.289 -0.488 27 -2.227 0.506
12 -1.674 -0.518 28 -1.667 0.516
13 -1.818 -0.504 29 -1.815 0.506
14 -2.358 -0.071 30 -2.348 0.077
15 -2.227 -0.506 31 -2.289 0.488
16 -1.667 -0.516 32 -1.674 0.518



7
33
34
35
36
37
38
39
40

If S; is a simplex with vertices vj,, ...,
affinely extending the control values assigned to v;, ,. ..,

v (in m/s)
-1.773
-2.319
-2.447
-1.711
-1.643
-1.406
-2.198
-1.734

¢ (in rad)
0.505
0.095
0.509
0.533
0.495
-0.195
0.166
0.502

vj,, the feedback control u;(z)

i v (in m/s)

41 -1.909
42 -2.047
43 -2.025
44 -2.001
45 -2.018
46 -2.025
47 -2.047
48 -1.904

© (in rad)
-0.380
-0.404
-0.398
-0.351
0.400
0.398
0.404
0.326

= Kz +g; is obtained by
vj, above (with z1 corresponding to speed

v, and 9 corresponding to front wheel angle ¢). This produces the following feedback controls at

each simplex S;:

10

11

12

uj ()
-0.456
0.526

0.293
0.946

-0.456
0.526

3.338
0.528

1.097
0.721

1.097
0.721

-0.142
0.063

0.369
0.059

0.293
0.946

-0.142
0.063

3.338
0.528

0.369
0.059

= Kjr +g;
-5.332 (1779
3442 )T -3.425
-7.388 L ( 1526
2324 )7* -3.612
-2.446 L[ 1976
3.202 )7 -3.112
13736 (2120
3194 )7* -3.112
4,928 (1410
1.440 ) ° -2.788
5046 [ -0.224
0.721 -1.853
-2.643 . ( -0-061
2052 )" -1.767
-2.879 L[ 1165
2.053 ) * -1.759
-6.643 L (0557
2707 )7 -4.110
-8.498 L[ 2339
-1.059 ) -0.491
6.011 (5287
1593 ) -2.456
-1.003 . ( -3.605
2.385 -2.190
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14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

-1.065
0.858

-1.173
0.478

-1.189
0.466

-1.231
0.060

-1.092
0.820

-1.478
0.197

-1.380
0.290

-1.473
0.048

-1.065
0.858

-1.231
0.060

-1.092
0.820

-1.473
0.048

-1.175
0.323

-1.065
0.858

-1.081
0.867

-1.168
0.455

-1.162
0.358

-1.231
0.060
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uj ()
-0.047
0.397

-0.142
0.063

-0.203
0.017

-0.165
0.375

-0.047
0.397

0.293
0.946

-0.084
0.589

-0.165
0.375

-0.084
0.589

-0.203
0.017

0.293
0.946

-0.142
0.063

-0.084
0.589

-0.150
0.266

-0.150
0.266

-0.203
0.017

-0.137
0.455

-0.179
0.275



31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

-1.156
0.454

-1.119
0.021

-1.065
0.858

-1.231
0.060

-1.081
0.867

-1.119
0.021

-1.119
0.021

-0.838
0.720

-1.040
0.554

-0.798
-0.021

-1.081
0.867

-0.811
0.762

-1.067
0.550

-0.753
1.406

-0.798
-0.021

-0.753
1.406

-1.081
0.867

-1.119
0.021

TN TN TN N N T N N N S N S N T N T N T N T N ST N N N TN

uj ()
-0.157
0.013

-0.179
0.275

-0.084
0.589

-0.203
0.017

-0.137
0.455

-0.157
0.013

-0.162
0.292

-0.032
0.614

-0.051
0.028

-0.162
0.292

-0.013
0.406

-0.137
0.455

-0.157
0.013

-0.013
0.406

-0.051
0.028

-0.032
0.614

-0.157
0.013

-0.137
0.455



49

50

ol

92

53

o4

95

56

o7

o8

59

60

61

62

63

64

65

66

-0.818
-0.660

-1.001
-0.359

-1.081
-0.867

-0.920
-0.399

-0.995
-0.362

-0.838
0.035

-0.928
-0.395

-1.119
-0.021

-1.119
-0.021

-1.081
-0.867

-0.838
0.035

-0.818
-0.660

-1.065
-0.858

-1.081
-0.867

-1.231
-0.060

-1.154
-0.454

-1.160
-0.454

-1.119
-0.021

TN TN TN N N T N N N S N S N T N T N T N T N ST N N N TN

uj ()
0.132
-0.196

-0.064
-0.308

-0.132
-0.196

-0.072
-0.022

-0.089
-0.295

-0.031
-0.147

-0.102
-0.008

-0.031
-0.147

-0.102
-0.008

-0.089
-0.295

-0.072
-0.022

-0.064
-0.308

-0.072
-0.134

-0.072
-0.134

-0.057
-0.129

-0.081
-0.007

-0.102
-0.008

-0.057
-0.129

Kjil? + g]

3.737 L ( -5:353
3170 )7 -2.385
4.236 (5881
2.348 ) 7* -1.515
4.014 L ( -5.796
3388 |7 -2.733
3.293 L ( 5154
1.293 )% -0.868
4.116 L (5789
2.411 )* -1.564
3.338 L[ 5112
0438 )% 0.154

3.206 L ( 5098
1333 )° -0.894
3.634 L[ 5585
0497 )* 0.059

4.383 L ( -6:09
-0.966 ) * 1.045

4.207 L ( 5935
2.943 ) 7* 2414
3207 \ . ( -5.016
0.836 -0.137
3.111 L ( 4933
4200 )7* -3.078
4.366 L ( 6013
3635 )7 -2.900
4.388 L[ 6051
3.648 |7 -2.923
5.126 . ( -6.664
0611 )7 -0.053
4.889 L ( 6425
1.828 )% -1.276
4.789 L ( -6.393
1820 )7 -1.273
4.964 L ( -6:393
0555 |7 0.041
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68

69

70

71

72

73

74

(6]

76

7

78

79

80

81

82

83

84

-1.043
-0.365

-1.028
-0.350

-1.065
-0.858

-1.231
-0.060

-1.119
-0.021

-1.081
-0.867

-1.092
-0.820

-1.065
-0.858

-1.473
-0.048

-1.303
-0.434

-1.316
-0.432

-1.231
-0.060

-1.046
-0.396

-1.020
-0.388

-1.092
-0.820

-1.473
-0.048

-1.231
-0.060

-1.065
-0.858
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uj ()
-0.034
-0.236

-0.089
-0.295

-0.081
-0.007

-0.034
-0.236

-0.102
-0.008

-0.089
-0.295

-0.021
-0.111

-0.021
-0.111

0.014
-0.117

-0.031
-0.014

-0.081
-0.007

0.014
-0.117

0.064
-0.207

-0.034
-0.236

-0.031
-0.014

0.064
-0.207

-0.081
-0.007

-0.034
-0.236
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95

96

0.473
-1.378

-1.092
-0.820

-0.104
-0.638

-0.159
-0.646

-0.901
-0.750

-0.914
-0.752

-0.927
-0.673

-1.473
-0.048

0.473
-1.378

-0.927
-0.673

-1.092
-0.820

-1.473
-0.048

SN TN T N T N T N T N T N T N ST N N NN

uj ()
0.301
-0.163

0.301
-0.163

0.064
-0.207

0.362
-0.165

0.042
-0.004

-0.031
-0.014

0.048
-0.022

0.048
-0.022

0.042
-0.004

0.362
-0.165

-0.031
-0.014

0.064
-0.207

Kjil? + g]
2710 ) (0230
6.021 )" -5.045
0.079 L[ 5297
5026 )7 -3.074
-4.200 \ [ -L779
4937 )" 2,425
-0.926 L (2009
4700 )" -2.457
3.976 L ( 5279
3.404 )°* -2.529
3204 \ . (-5.326
3.310 -2.536
4.086 L ( 5373
3.000 /7 -2.958
5.058 L ( 7300
1974 )7 -0.048
-5.465 L[ 0-259
7724 )" -5.063
0.442 (A2
4749 ) * -2.555
3.611 L ( -5.954
3431 )°* 2,777
5.212 L ( 7300
0179 )7 -0.045
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