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Algorithm 7.2: Wall following

integer heading < 0°

T while not-at-goal

2
3
a
5
3
7
8

9
10
1

it goal-detected
move towards goal
else if wall-ahead
1rn left
heading « heading + 90°
else if corner-ight
if heading = multiple of 360°
move forward
else
turn right
heading « heading — 90°
else if wall-right
move forward
else
move forward
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Algorithm 9.1:

rontier algorithm

float array grid 7/ Grid map

cell lst frortier J/ Ust of frontier cells

cell robot /1 Gell with robot

cel closest J/ Closest cell to robot

cellc J/ Index over cells

float low // Low oceupancy probabiliy|

1
2
3
a
5
3
7

10
1"
12

Toop
frontier « empty
for all known cells ¢ in the grid
if grid(c) < low and
exists unknown neighbor of ¢
append ¢ to frontier
exit if frontier empty

closest  cellin frontier nearest robot
robot  closest
for all unknown neighbors ¢ of closest
sense if ¢ is ocoupied
mark grid(c) with occupancy probability
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Algorithm 13.3: Applying the Hebbian rule

N

X < sensor values
for jin {1.2.3.4.5)
Wi < wi +ay g

Wi e Wi Fa
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Algorithm 6.3: Proportional controller

integer reference <. // Reference distance
integer measured I/ Meastred distance
integer error I/ Error
float gain « Il Proportional gain
integer power I/ Motor power

- eror « reference — measured // Distances

2 power < gain * error I/ Control value

3 left-motor-power <« power
4 right-motor-power « power






OEBPS/images/419055_1_En_8_Chapter/419055_1_En_8_Chapter_TeX_IEq27.png





OEBPS/images/419055_1_En_8_Chapter/419055_1_En_8_Chapter_TeX_IEq29.png
Pi





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Fig2_HTML.gif





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq22.png





OEBPS/images/419055_1_En_10_Chapter/419055_1_En_10_Chapter_TeX_IEq13.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq21.png
60 — 15 =45





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq20.png
(180 - 150)/2 =15





OEBPS/images/419055_1_En_10_Chapter/419055_1_En_10_Chapter_TeX_IEq15.png





OEBPS/images/419055_1_En_10_Chapter/419055_1_En_10_Chapter_TeX_IEq19.png





OEBPS/images/419055_1_En_10_Chapter/419055_1_En_10_Chapter_TeX_IEq18.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq29.png
L =1





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq28.png
I+ 1,





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq27.png
180°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq26.png
—-180°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq25.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq24.png
30°





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Fig11_HTML.gif
pitch

roll

yaw





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq23.png
60°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq33.png
cos90° =0





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Chapter_TeX_IEq12.png
6X%X6





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq32.png
I+ 1,





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Chapter_TeX_IEq13.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq31.png
L =1





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Chapter_TeX_IEq14.png
fll





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq30.png





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Chapter_TeX_IEq15.png





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Chapter_TeX_IEq16.png
6 x 10





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Chapter_TeX_IEq17.png
p1=(1,4)





OEBPS/images/419055_1_En_8_Chapter/419055_1_En_8_Chapter_TeX_IEq40.png





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Chapter_TeX_IEq18.png





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Chapter_TeX_IEq19.png
P2 = (175)7p3 = (27 3)7p4 = (27 4)7p5 = (27 5)





OEBPS/images/419055_1_En_8_Chapter/419055_1_En_8_Chapter_TeX_IEq42.png





OEBPS/images/419055_1_En_8_Chapter/419055_1_En_8_Chapter_TeX_IEq41.png





OEBPS/images/978-3-319-62533-1_CoverFigure.jpg
Mordechai Ben-Ari
Francesco Mondada

Elements of
Robotics

@ Springer Open





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq39.png





OEBPS/images/419055_1_En_8_Chapter/419055_1_En_8_Chapter_TeX_IEq44.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq38.png





OEBPS/images/419055_1_En_8_Chapter/419055_1_En_8_Chapter_TeX_IEq43.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq37.png





OEBPS/images/419055_1_En_8_Chapter/419055_1_En_8_Chapter_TeX_IEq46.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq36.png





OEBPS/images/419055_1_En_8_Chapter/419055_1_En_8_Chapter_TeX_IEq45.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq35.png





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Chapter_TeX_IEq10.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq34.png





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Chapter_TeX_IEq11.png
3x%x3





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Fig5_HTML.gif





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Fig9_HTML.gif





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Fig18_HTML.gif





OEBPS/images/419055_1_En_6_Chapter/419055_1_En_6_Fig3_HTML.gif
souBsip

Time





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Fig14_HTML.gif
(a)

®) o

30
30
30
30
30
30

30
30
30
30
30
30

30
30
30
30
30
30

282888,
2222

30
30

30
30
50
50
50
50

30
30
50
50
50
50

22282888,

30
30
30
30
30
30

30
30
30
30
30
30





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Fig19_HTML.gif
(a) (b)





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq9.png





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq7.png





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq8.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq109.png
3x%x3





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq108.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq107.png
alp — (alx’ aly)





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq106.png
P=(x%)





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Fig6_HTML.gif
(a)

(b)






OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_Equ6.png
X" =l, cos(a + B)
vy’ =l sin(a + B) .





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq112.png
(37 _1)





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq111.png
-30°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_Equ5.png
x" =l cosa

y =l sina.





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq110.png
30°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_Equ4.png
% | [cos® —sind || ox
% | | sin@ cosf || |





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_Equ3.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq116.png
90°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq115.png
90°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_Equ9.png
a’ + b> = 2abcosh = .





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_Equ8.png
1 —_—

x=1-c0860+ 1 -cos(60-30) ==+

2
3
y=1-sin60 + 1 - sin(60 — 30) = \/7—4_

2
1+ 3
2

V3 1+ 13
5 =

1

2





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq114.png
90°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_Equ7.png
x =ljcosa + I, cos(a + B)
y =lisina + L sin(a + ).





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq113.png
90°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_Equ2.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_Equ1.png





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_Equ11.png
wy <0+ (0.0001 x 100 x 100) = 10
wir <0+ (0.0001 x —100 x 100) = —-10.





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_Equ10.png
X1
X2
X3
X4
X5






OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq119.png
3x%x3





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Fig15_HTML.gif
(b)

(a)





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq118.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq117.png
90°





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_Equ12.png
yi «(10x100)+0+0+ 0+ 0= 1000
vy «—(—=10x100) +0+0+0+ 0= -1000.





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Fig8_HTML.gif
(@

(b)





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq123.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq122.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq121.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq120.png
Pxs Pys Pz





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq127.png
90°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq126.png
90°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq125.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq124.png





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq5.png





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq6.png





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq3.png





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq4.png
Vi





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Fig21_HTML.gif





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq1.png
—100





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq2.png





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Fig3_HTML.gif
(a)

(b)

@

1

column

column





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq84.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq83.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq86.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq85.png
—100





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq88.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq87.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Fig14_HTML.gif
(@

)





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq89.png
Om =2 <3 =#DOF





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq129.png
90°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq128.png
90°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq134.png
(1,1,-1)





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq133.png
(1,-1,-1)





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq132.png
(1,-1,1)





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq131.png
(90°,90°,90°)





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq138.png
(1,1,-1)





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq137.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq136.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq135.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq130.png
90°





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq91.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq90.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq93.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq92.png





OEBPS/images/419055_1_En_1_Chapter/419055_1_En_1_Fig10_HTML.gif
support (on the bottom of the robot)






OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq24.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq95.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ15.png
(x',y',¢") = (—d.sin0,d.cos0,¢ + 0).





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq23.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq94.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ14.png
dx =—d.sinf
dy =d.cos b,





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq26.png
S1





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq97.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ17.png
p 0
=360 - —— = (3.6p)°,
46 = 360 - — = (3.6p)





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq25.png
x=-25+48





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ16.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq96.png
120°





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq28.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq99.png
S, < #DOF





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ11.png
X =vtcos6

y =vtsinf.





OEBPS/images/419055_1_En_10_Chapter/419055_1_En_10_Chapter_TeX_Equ6.png
(3,5,9), 4,4,9), (1,0,11), (1,1,11), (1,3,11).





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq27.png
§$2





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq98.png
5, = #DOF





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ10.png
a®  2.78 - 102

5(10) = — .

=139m.






OEBPS/images/419055_1_En_10_Chapter/419055_1_En_10_Chapter_TeX_Equ5.png
(3,3,9), (1,0,11), (1,1, 11), (1,3,11).





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ13.png
d. =0r,
_ rp+r,
‘( 2 )
0(d, d,
‘2(9+9)
d, +d,






OEBPS/images/419055_1_En_10_Chapter/419055_1_En_10_Chapter_TeX_Equ4.png
4,0,5)
4,1,5), (3,0,7)
(3,0,7), (3,1,7).





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq29.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ12.png
Or, =d,
Or; =d,
Or, — 0r; =d, — d,;
0 =(d,—d)/(rr—1)
0=(d,—d)/b.





OEBPS/images/419055_1_En_10_Chapter/419055_1_En_10_Chapter_TeX_Equ2.png


OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq139.png
33 =27





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq145.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq144.png





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq143.png
4 x4





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq142.png
90°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq148.png
qrq -





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq147.png
p=0+xi+yj+zk





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq146.png
cosf@ +1isinf





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq141.png
90°





OEBPS/images/419055_1_En_16_Chapter/419055_1_En_16_Chapter_TeX_IEq140.png
3-2-2=12





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq30.png
X1 < X< Xp





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq13.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq62.png
2%





OEBPS/images/419055_1_En_7_Chapter/419055_1_En_7_Figa_HTML.gif
Algorithm 7.1: Simple wall following

T while not-at-goal
2. if goal-detected

3 move towards goal
4 elseifwall-ahead

5 1rn left

6 elseif corner-ight

7 1urn right

8 elseifwall-right

9 move forward

0; else

1 move forward






OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq12.png
256 x 192





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq61.png
p%





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Fig1_HTML.gif
active

/

exteroceptive

sensor passive

_—
~

proprioceptive





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq15.png
s=t/2)-5





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq64.png
10%





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq14.png
s =vt/2





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq63.png
5%





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq17.png
360°





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq66.png





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq16.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq65.png
+4%





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq19.png
s = 30





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq68.png
360°





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq18.png
x=as+b





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq67.png
360°





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq69.png
180°





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Fig14_HTML.gif





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq20.png
x=0=-357-30+b





OEBPS/images/419055_1_En_6_Chapter/419055_1_En_6_Fig1_HTML.gif
control

robot






OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq22.png
x=-357s+ 107





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq71.png
2nnr





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq21.png
b =107





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq70.png
2nr





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq73.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq72.png
2nnr/8





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq75.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq74.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq77.png





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Fig4_HTML.gif
2l2]2]2]> ERE
2 2022 092 |2
2 222 HEE
22|22~ 122
22 ]2]2]2 il - | 2
22 l2]2]2 2|2 ]2
2 221212 2|22
222122 D
22222 2|2 |2
2 2222 212>
2122122 B






OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq76.png





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Fig23_HTML.gif





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq79.png
(x,y,0)





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Fig12_HTML.gif
0 -20 =60 =60 0

50

50 0 0 0 00





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq78.png
(X, y,2,¢,,06)





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq70.png
X1 = 100





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq71.png





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq72.png
yi = 100, y, = —100





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq73.png
a = 0.0001





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq74.png
—100





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ9.png
100 - 1000
= 1 k h = == 2 . .
Vinax 00 km/ 060 m/s 7.8 m/s






OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq80.png
(x,y,0)





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq75.png





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq76.png
Vi Xj





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq11.png
3x8=24





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq82.png
(2,2,0°)





OEBPS/images/419055_1_En_13_Chapter/419055_1_En_13_Chapter_TeX_IEq77.png





OEBPS/images/419055_1_En_2_Chapter/419055_1_En_2_Chapter_TeX_IEq10.png
49,152





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq81.png
(2,0,0°)





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ5.png
ds(t)

v(t) = R






OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq40.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ6.png
dv(t)

a(t) = 7R






OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ7.png
v(t)zfadt:afdt:at,





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq42.png
re=(ri+r)/2





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ8.png
s(t):‘fv(t)alt:‘faztaltza[—t2
>





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq41.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ1.png
d, =2nRw;t, i=1r.





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq44.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ2.png
0 =di/ry=d.[r. =d,[r,,





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq43.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq46.png
sin





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ3.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_Equ4.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq45.png
COS





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq48.png
sin(@ + m/2) = cos





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq47.png
¢

/2





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq49.png
cos(f +m/2) = —sin 6





OEBPS/images/419055_1_En_8_Chapter/419055_1_En_8_Figd_HTML.gif
0.0

13

13

13

13

RE)

13

RE)

13






OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Fig5_HTML.gif





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Fig4_HTML.gif





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Fig5_HTML.gif
2122 22 22 22 2]2]2]2]2]2]>
B B 212 ]2 09 2
bl
B 2 1221 [o1]o1 R
2 122 2|21 [o1]o1 1 B
22 2[2]2]osfor]o1 1 2
2122 ]2]2%o1]or]or 2 B
? K 2 K ? #0.1010.1 ? K
2122 2|2 2] %o2 B B
222 22> 1 B B
2122 2122 2> 2122
212 20212121212 222

B robot position





OEBPS/images/419055_1_En_1_Chapter/419055_1_En_1_Fig4_HTML.jpg





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq51.png
(—=d_.sin@,d.cos 6, 0)





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq50.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq53.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq52.png
p%





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq55.png
p%





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq54.png
p%





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq57.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq56.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq59.png
p%





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq58.png
Ay = 10 sin 46





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Fig11_HTML.gif
30
50
50
50

5 50

30
30
50
50
50
50

30
30
30
50
50
50

30
30
30
30
50
50

30 30
30 30
30 30
30 30
30 30
50 30





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq60.png
p%





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq31.png
(d, 0)





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq30.png
(0.0, 1.0), —15.0°)





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq30.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq20.png





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq35.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq22.png
(x,y,0)





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq34.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq21.png





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq33.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq24.png





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq32.png
((0,0),0%)





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq23.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Fig22_HTML.gif





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq26.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq25.png
dla dr7 dC





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq28.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq27.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq29.png
(X, y,®)





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq39.png
0.1125/0.575~0.19





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq36.png
1-09=0.1





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq35.png





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq38.png
0.125 x 0.1 =0.0125





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq36.png





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq32.png
p(x;)





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq31.png
p(z | x;)





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq34.png
p(x;) = 0.125





OEBPS/images/419055_1_En_1_Chapter/419055_1_En_1_Fig11_HTML.gif
(b)





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq20.png
15°





OEBPS/images/419055_1_En_1_Chapter/419055_1_En_1_Fig5_HTML.gif





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq41.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq31.png





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq40.png
0.0125/0.575~=0.02





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq30.png
¢

/2





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq24.png
(=1,0),(1,0),(0,-1),(0, 1)





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq33.png
O =¢+6





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq23.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq32.png
X,y ¢")





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq22.png
((x,y),6) = ((0,0),0°)





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq35.png





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq21.png
15°





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq34.png





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Fig18_HTML.gif
(b)

() o

oo

oo
oo

oo
oo

0007368637300 0

000676 7 6000 0
46800 061 77

0006

000 000 000 O





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq37.png
dla dC7 dr





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq36.png
2nr (0/2r) = Or





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq39.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq38.png
rlarrarc





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Fig19_HTML.gif





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq47.png





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq28.png
(0.0, 1.0), —15.0°)





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq46.png





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq27.png
(2,1),(2,0),(2,-1)





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq49.png
(100 — 200)? + (200 — 300)? = 20,000





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq26.png
(2,2),(2,0),(2,-2)





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq48.png
(100 - 200) + (200 — 300)





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq25.png
-15°,0,-15°





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq43.png
180%





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq42.png
{155 x)





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq45.png





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq44.png
{155 x)





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq29.png
(0.0, 1.0), —15.0°)





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq13.png
8 X5





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq12.png
8 X5





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq11.png
12x8





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq10.png
8 X5





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq18.png





OEBPS/images/419055_1_En_8_Chapter/419055_1_En_8_Figk_HTML.gif





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq17.png
10
1000





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq19.png
10
1,000,000





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq14.png





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq17.png





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq16.png
15°





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq16.png





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq15.png
+1





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq14.png





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq12.png





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq19.png





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq11.png





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Chapter_TeX_IEq18.png
15°





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq11.png





OEBPS/images/419055_1_En_6_Chapter/419055_1_En_6_Chapter_TeX_IEq12.png
-50





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq10.png
Aty =ty — 1





OEBPS/images/419055_1_En_6_Chapter/419055_1_En_6_Chapter_TeX_IEq13.png
=25





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq13.png
ASi
At





OEBPS/images/419055_1_En_6_Chapter/419055_1_En_6_Chapter_TeX_IEq14.png
—-10





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq12.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Fig3_HTML.gif
0,0





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq15.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq14.png
Viax = 27.8 = at = 10a





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq17.png
s = at*/2





OEBPS/images/419055_1_En_6_Chapter/419055_1_En_6_Chapter_TeX_IEq10.png
=32





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq16.png
a = kt





OEBPS/images/419055_1_En_6_Chapter/419055_1_En_6_Chapter_TeX_IEq11.png
—-0.8





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Fig2_HTML.gif
1
10
20
30
40
50
60

20
30
40
50
60

20
30
40
50
60

4

20
30
40
50
60

10
20
30
40
50
60

3
10
20
30
40
50

7

20
30
40
50

8

20
30
40
50

9

20
30
40
50

(b) ©
210
20
30
40
50
60

1
10
20
30
40
50
60

10
20
30
40
50
60

10
20
20
40
50
60

10
20
30
40
%
60

3

10 10 10

20
30
40
50
60

20
30
10
50
60

20
30
40
50
60

8
10
20
30
40
50
60





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq19.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Chapter_TeX_IEq18.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Fig12_HTML.gif





OEBPS/images/419055_1_En_7_Chapter/419055_1_En_7_Fig3_HTML.gif





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq29.png





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq28.png
p(z | x;)





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq25.png





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq24.png
p(z | x;)





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq26.png





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq21.png
p(xi | 2)





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq20.png





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq23.png





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq22.png
p(x;)





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq72.png
cos 15°





OEBPS/images/419055_1_En_8_Chapter/419055_1_En_8_Figm_HTML.gif





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq74.png





OEBPS/images/419055_1_En_6_Chapter/419055_1_En_6_Fig2_HTML.gif
souBsip

Time





OEBPS/images/419055_1_En_BookBackmatter_OnlinePDF_TeX_IEq70.png





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Fig14_HTML.gif





OEBPS/images/419055_1_En_12_Chapter/419055_1_En_12_Fig13_HTML.gif





OEBPS/images/419055_1_En_6_Chapter/419055_1_En_6_Chapter_TeX_Equ3.png
u(t) = kpe(t),





OEBPS/images/419055_1_En_6_Chapter/419055_1_En_6_Chapter_TeX_Equ4.png
u(t) = kpe(t) + k; f e(t)dr.
0





OEBPS/images/419055_1_En_5_Chapter/419055_1_En_5_Figa_HTML.gif
Xo

s

xp

$2

X3

53

X3

S4

x4

s

xs





OEBPS/images/419055_1_En_9_Chapter/419055_1_En_9_Figb_HTML.gif
Algorithm 9.2: SLAM

matrix m < partial map __// Gurrent map
matrix p Il Perception map
matrix e J/ Expected map
coordinate ¢ < initial position // Current position
coordinate n J/ New position
coordinate array T /1 Set of test positions
coordinate t J/ Test postion
coordinate b < none // Best position
1+ loop
2: move ashort distance
3 n < cdometry(c) J/ New position based on odometry
4: p —analyze sensor data
5 foreverytinT /I Tis the positions around n
6 e < expected(m, t) J/ Expected map at test position
7 if compare(p.e) better than b
8 bt J/ Best test position so far
9 neb J/ Replace new position by best position
10: m < update(mpm) // Update map based on new position
11 cen J/ Current position is new position
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Algorithm 6.4: Proportional-integral controller

integer reference «
integer measured
integer error

integer error-sum <0
float gain-p «

float gain-i «

integer power

I/ Reference distance
I/ Measured distance
Il Error

I/ Cumulative error

Il Proportional gain
I Integral gain

I/ Motor power

1. error « reference — measured
2: error-sUm < error-sum + error

I/ Distances
I Integral term

3 power < gain-p * error + gaini * error-sum // Control value

4 left-motor-power « power
5: right-motor-power < power
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Algorithm 13.2: Feedback on the robot’s behavior

1. when bution {forward / backward / left / right} touched
2y {100/ ~100/ ~100/ 100}
3y, < {100/ —100/100/ —100}
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Algorithm 12.1: Detecting a blob

integer threshold

pixel p

set not-explored <« empty-set
set blob < empty-set

1: set the threshold to the average intensity

2 set pixels below threshold to zero

3 find a non-zero pixel and add to not-explored
4 while not-explored not empty

5

3
7.
8.

p < some element of not-explored

add p to blob

remove p from not-explored

add non-zero neighbors of p to not-explored
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Algorithm 6. n-off controller

integer reference «--- // Reference distance
integer measured // Measured distance
integer error // Distance efror

1- error  reference — measured

2:iferror <0

3. leftmotor-power <100 // Move forwards
ight-motor-power < 100

it error =0
left-motor-power <0 /1 Turn off motors
right-motor-power « 0

it error > 0
left-motor-power < —100 // Move backwards
right-motor-power « —100

BooNoo s
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Algorithm 4.1: Persistent

integer timer
states current < fwd

//In milliseconds

7. left-motor-power « 100

2:right-

3:loop

4: when current = fwd and object detected in front

5
3
7
8

9

motor-power « 100

left-motor-power « —100
right-motor-power < —100
fimer < 1000

current « back

10:  when current = back and timer =0

1"
12
13

left-motor-power « 100
right-motor-power < 100
current « fwd
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true ~ turn left

at +45° ~» turn right

near object~ set motors off

left = robot turning left to search
tight = robot turning ight to search
appr = robot approaching object
found = robot found object
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Algorithm 4.2: Search and approach

states current < left

1. leftmotor-power « 50 7o left
2: right-motor-power « 150

3: loop

4: when object detected

5 if current = left

3 left-motor-power « 100/ Go forwards
7 right-motor-power « 100

8: current « appr

9 else if current = right

10:

1. when at +45°

12 if current = left

13 left-motor-power « 150/ Turn right
14 right-motor-power « 50

15 current « right

6: when at —45°

17

18:  when object s very near

19, if current = appr

20
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Algorithm 13.1: ANN for obstacle avoidance

integer period /I Timer period (ms)
integer timer « period

floatarrays]  x

floatarrayl2  y

float array[2,5] W

1: when fimer expires

2: X < sensor values

& yeWsx

4 left-motor-power « y[1]
5 rightmotor-power « y[2]
6 fimer < period
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Algorithm 1.1: Integer multiplication

integer x <0
integer a, b

T.a < input an integer
2:b < input a non-negative integer

s whileb #0

& xexta 1/ Add the value a to x
5 beb-1 J/ foreach b
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Algorithm 6.5: Proportional-integral-ditterential controller

integer reference I/ Reference distance
integer measured I/ Meastred distance
integer error Il Error
integer error-sum <0 I/ Cumulative error
integer previous-error <0 Il Previous error
integer error-dift Il Error difference
float gain-p « Il Proportional gain
float gain-i « I Integral gain
float gain-d « I/ Derivative gain
integer power I/ Motor power

- emror < reference — measured I/ Distances

2 eITor-sum < efror-sum + error I Integral term

3 eror-diff « error — previous-error I Differential term

4 previous-efror « error Il Save current error

5 power « gain-p * error + I/ Control value

gain-i * error-sum + gain-d * error-diff
&: left-motor-power « power
7: right-motor-power « power
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