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Mobile Robots and
. Locomotion Mechanism

)



Locomotion of the Robot

The first challenge of mobile robots is locomotion. Robots can

move unsupervised through real world environments to fulfill
Its task.

How should a mobile robot move? And what is it about a
particular locomotion mechanism that make it superior to
alternative ones when moving on the specific ground?




Locomotion of the Robot

Wheeled mobile robots:

e By far the most popular locomotion mechanism in man-made
vehicles in general. It can achieve very good efficiencies
when moving on the structural ground.

 With a relatively simple mechanical implementation, and
balance is usually not a research problem.




Locomotion of the Robot

Wheeled mobile robots:

Three wheels are sufficient to guarantee stable balance, two
wheels robots can also be stable. When more than three
wheels are used, a suspension system is required to allow all
wheels to maintain ground contact when the robot encounters
uneven terrain.




Locomotion of the Robot

Two-Wheeled mobile robots:

One steering wheel in the front, | Bicycle, motorcycle
- & one traction wheel in the rear

Two-wheel differential drive Cye personal robot
with the center of mass (COM)
below the axle

]
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Locomotion of the Robot

Three-Wheeled mobile robots:

Two-wheel centered differen- | Nomad Scout, smartRob
tial drive with a third point of | EPFL

. contact

Two independently driven Many indoor robots,
— wheels in the rear/front, | including the EPFL robots
O unpowered omnidirectional Pygmalion and Alice
wheel in the front/rear

==
Two connected traction wheels | Piaggio minitrucks
T, (differential) in rear, 1 steered
C\:‘;} free wheel in front
==
Two free wheels in rear, | Neptune (Carnegie Mellon
steered traction wheel in front | University). Hero-1
=]




Locomotion of the Robot

Four-Wheeled mobile robots:

Two motorized wheels in the Car with rear-wheel drive

== :
rear. 2 steered wheels 1n the
front; steering has to be differ-
— eaﬂ tqr the 2 w.heels to avold
shpping/'skidding.
Two motonzed and steered Car with front-wheel drive

|

1| | || |0
O O Y| i

wheels in the front, 2 free
wheels in the rear; steering has
to be different for the 2 wheels
to avoid shipping/skidding.

Four steered and motorized Four-wheel drive. four-
wheels wheel steering Hyperion
(CMLU)

Two traction wheels (differen- | Charlie (DMT-EPFL)
tial) in rear/front. 2 omnidirec-

tional wheels in the front/rear

|

Two-wheel differential drive EPFL Khepera, Hyperbot
with 2 additional points of con- | Chip
Ect




Locomotion of the Robot

Swedish-Wheeled mobile robots:

Three motorized Swedish or Stanford wheel
spherical wheels arranged ina | Tribolo EPFL,
tmangle; omnidirectional move- | Palm Pilot Robot Kit
ment 1s possible (CMU)
m—— m—— Four ommidirectional wheels Camegie Mellon Uranus
271 [7771
S— Four omnidirectional wheels UESTC Robot team
] ~
N
Y \
L2771
W % Four omnidirectional wheels UESTC Robot team




Locomotion of the Robot

Tracked locomotion robots:

Robot can make use of tread have much larger ground
contact patches,the maneuverability can be improved
significantly in loose terrain compared to conventional
wheeled designs.

Due to large ground contact patch,changing the
orientation of the robots requies a skidding turn,wherein a
large portion of the track must slide against the terrain.

The exact center of the rotation of the robot is hard to
predict and the exact change in position and in orientation
IS also subject to variations depending on the ground
friction.



Locomotion of the Robot

Tracked locomotion robots:

The microrover Nanokhod: Y =
developed for European Space o > _
Agency it N ‘ &
' ' - ~ A MM T
Designed in 2007 by UESTC :/—Fi“‘ - _"" o
robot team o e —— ",

Track Unit 1

= Model A - Nanokhod




Locomotion of the Robot

Walking wheels robots:

o Offer the best maneuverability in rough terrain, but
iInefficient on flat ground and need sophisticated controll.
Hybrid solution,combining the adaptability of legs with the
efficiency of the wheels, offer an interesting compromise.

e Solution that passively adapt to the terrain are of
particular interest for field and space robotics.




Locomotion of the Robot

Legs robots:

 Numbers of legs: Insects and spiders are immediately
able to walk when born. Humans,with 2 legs,can not
stand in one palce with static stability.Infants requies
months to study stand and walk.

« Stable balance.

C abduction-adduction

/\ main drive™ PEI‘ thigh link
lower thigh link ,

mammals reptiles Insects
two or four legs four legs six legs shank link
o




Locomotion of the Robot

Legs robots:

« SONY dream robot
« Honda Asimo
 MIT Spring Flamingo




Locomotion of the Robot

Legs robots:

Tokyo institute of tech: four
legs

University of Karsruhe,
Germany: six legs

MIT:genghis I




Locomotion of the Robot

Controllabllity:

 There is an inverse correlation between controllability and
maneuverability. For example, the four wheel omnidrive such
as Uranus Robot,which has four swedish wheels, the
problem is even harder because all four wheels must be
driven at exactly the same speed to travel in a perfectly
straight line.
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Locomotion of the Robot

Controllability:

 In summary,there is no “ideal” drive configuration
simultaneously maximizes stability,maneuverability and
controllability.

 Each robot palces unique constraints on the design
problem,the designer’s task is to choose the most
appropriate drive configuration possible from among this
space of compromises.
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Robot Design
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Robot Design
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W BN R G B A )
A AEHIR?
ULAFIEAR RS SE I MESS Tk

N ALK A B
CPUALBIALSS il R NASEHE —#F, ZACREE. Jjik5s
ATAN

~J° 0




E T2/ LAs -
K
A

%

&

How to Follow Line

AR AT

IR AHE N A (T2
PUEE ) (RSB AL ED

*

o0

SN LD




- Sensor



Control System Design

VB =yt A
fRIRAR AN LA N E AN A a4, AT
N IHR H &
o ELEFEPIZN L, A GEHH B RS Fr e
YT AN AL A (G ST188, TCRT5000)
I SRS
CCDEMGALFRZS ot FAR (13 AR AT i (115D




Control System Design

o A T B

SR LS )

—aA

—f

| == e
o (A HE R R EEL R

) /]

= VFIY BN H AT E

= T W TR]

= g th = ) B 2
NN 2PN

= s

J

El \‘2:\‘

Vi



Control System Design

il ARl I, — CAR N AT 5 1 LS,
EATPUT LB (AT UYiﬁ?MtFL;@%,
DAFEREE L SEEL)

=
Il




How to Follow Line

1 2 3 4
O 0 O O
0O 1 0 0 Afwh
1 1 0 O HAfwH
1 0 0 0 AmX

0 MRALEABSAEL L
1 RS AES L




How to Follow Line

MR CPUSNEN L2 N R T B2k, ul

B FLHLA L
Blan: Hlas NAmE, s\ o
N

Plas NZEARmINS, w22 n) A %%

A
’E:,o



How to Follow Line

— A LA R S




How to Follow Line

— AN % A E 7 2 (BE-111877
LR




How to Follow Line

AT ) A K A 77 2 (BE-11187
U8eNy




How to Follow Line

analogue signal Qy
Switching threshold [ Switching threshold

Intermal J l
analogue signal Qa ' :
output Q —Ib Il I output 0 =1 n n
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