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A Cartesian Coordinate Robot has three linear axes of control (x.y.z). Cartesian co-
ordinate robots with the horizontal member supported at both ends are sometimes
called Gantry robots
process
N 1./ i data and power are supplied through belts complimenting
= | axial motion
|
I
I
' | [ ] [ |
=2 application
.
L J ' utilized at a variety of scales such as printers, CNC machines (laser-cutter, 3-axis
’ mill/router, plasma-cutter), industrial craining
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axialmovement
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selflocomotion

fullcom | | ,
scifidrwho hopkinbeast botbalancing nbotbalancing

wheeledtypes properties

Two wheeled robots provide the simplest means of travel. It
also provides the greatest flexibility of rotational motion out

f @ of any wheeled robot. The difficulty comes in balance. In

the past the weight was distributed below the axle of the
drive wheels. Recent developments allow the robot to com-
pensate and continuously remain stable with a center of
gravity above the axle (think Segway).

The possibilities of motion are high, but a two wheeled
robot cannot traverse difficult terrain. It 1s also not efficient
for heavy loads (unless it is a point load).

Itwnwheeled
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selflocomotion
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In three wheeled robots, generally there is at least one drive wheel, and at least one stabilizing wheel or con-

b
~ \ J,f .
1 Uj_; Q/ {\ | I;“ N, ] tact point. The benefits of t three wheel system is the supernor balance and lower energy and computation. T
3
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// % /7 I FQ;"ZIJ While three wheeled robots have superior stability; they lack mobility of some two wheeled designs, and the

load capacity of a four wheeled (or more) design
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properties

The four wheeled robot is probably the easiest for us to understand.
We are surrounded by four wheeled mechanisms. Cars, trucks, trail-
ers, etc. They provide more efficient stability than a two or three

wheeled rcbot. Depending on the type of wheel (castors, fixed, etc.)
the four wheeled robot can have relatively free mobility.

The four wheeled robot, as well as all the wheeled category, provide
efficiency and speed. The problem anses when they encounter

diffiecult terrain. This 1s the realm where legged robots are superior.
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properties

Eipeds are the face of robotics. A humanoid
robot is the holy grail of robotice. Two legs
offer a flexibility of motion not available to quad-
rapods and hexapods. The flexibility comes at
a price as the bipod must constantly balance
itself, relying on heavy computation.

-
. P
The anthropomorphic qualities of the bipeds _ - |
are the most intriguing aspect. They have been e |
dreamt about for 150 years. They are still \\
limited by technological constraints. (
"'f-\\:z_-"'):)l

/ ’ \
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forcesmotion asimoruns
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selflocomotion
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geﬁalkingtruck

| | ) o, ¢ properties
C—— X — L J e 1) )
- n | :l A A P~ } i j Four-legged robots provide a speed and greater terrain
- A — ’ 2 x“‘nn_:“m-_*_i‘ P ey flexibility than hexapods. The difficulty is in the balancing
T T “:J‘::uh““x‘,‘ﬂ - system to attain the high speeds.
= | i 0 -h'“"xﬁ; i
el i - ;’I / A {:“*,.: " {»_J A higher computation power and energy consumption is
. - : j / / ) () needed than hexapods, but it can potentially be faster
\ \ : /
/ _\ than hexapods and handle heavier loads than bipods
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quadrupod U diagrambigdog walkingtypes
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o> 9 oo properties
Six-legged configurations are popular because of their static stability
during walking. This allows for a simple balancing system inherent in its

./ J:) - motion. The hexapods always have at least three points in contact with
the ground at any one time.
The natural stability of six legs allow for less energy consumption and

’ ? "/. less computation, but it does not allow for the possible flexibility or
> speed of other legged robotics
K\ ?-}/.
G & o=
hexapod diagrammovement
? ‘&
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properties

When leg systems are combined with wheels, a more efficient robot can be
developed. The legs provide the flexibility for difficult terrain. The wheels provide

speed and efficiency on simple terrain.

The only drawbacks of a hybrid system would be the difficulty of computation and
energy consumption. Thig is the reason there have been so few realworld

applications of a hybrid locomotion system.

hybridwheel-leg

8
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selflocomotion

description

Legged robots
a. The robot is bipedal with 6 pneumatic muscles on each leg
for 6 degrees-of-freedom, It utilizes this artificial musculosceletal
system to perform explosive maotion jumping as high as 50%
the robot's height and landing smoothly. The musculoskeletal
system is inspired by biclogical systems.
It is controlled by an off-board PC and supplied by compressed
air for the muscles and electrical power.

b. The legs mechanism consists of joints with cylinders that
drive at very high speed during jumping motion. Jumping
movement is performed with air supply.

It has very high terrain adaptability and mobility,

It can move around areas with many high steps and obstacles.

c. '‘Glumper’ (inspired by animals)

The robot jJumps and then glides. It has 4 long legs, each with a
torsion spring ‘knee’ at its midpoint, distributed perpendicularly
between a ‘head’ and a "foot'. A triangular membrane mounted
between each leg element and along the axis of the robot acts
as its gliding wings.

‘Glumper’
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Pictorial representation of the compression phase and the jumping
phase of Jollbot

description

Combined jumping and rolling motion results in its name, the Jollbot, The
main skeletalstructure comes from the metal semi-circular hoops. These
hoops are the springs that provide the energy for jumping and rolling. . . .
Compressing the sphere along a central axis, joining the mounting points of Jollbot jump direction and
the hoops, energy i:& stored within the m_:tt-:-r gtru-:_:turt_e. Er.u:,-r-;n.lr is rapidly re- rulling ITIEG"I anism
leased and provide lift to the robot. When jumping it raises its center of gravity
by 0.22m and clears a height odf 0.18m.

A catch mechanism ensures it remains in its position until next jump.

application
-It has demonstrated some of the highest jumps for an autonomously pow-
ered robot so far engineered.

-It will help astronauts, cause jumping Is good locomotion across terrain
-light in weight to maximize their own performance

sub-category(umping) plac il Photograph showing detail
t- J of guide, face cam and slider
. —} roller in Jollbot.
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Sweep

Base hand-wing

description

Roboswift: bird sized airplane that flies like a swift
The unique morphing wing-design features are taken

fram the swift. Morphing means the wings can be swept
back and forth in flight by folding feathers over each
other, thus changing the wing shape and reducing the
wing surface area. Roboswift also steers by morphing
its wings. Doing so it can perform optimally, flying effi-
ciently and highly maneuverable at very high and low
speeds and more agilely than fixed-wing aircrafts.

The propeller that powers the plane folds back during
gliding to minimize air drag.

It i1z used to perform surveillance missions.

sub-category(flying)
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selflocomotion

unmanned AutoCopter autonomous aerobotes for exploration the Blimp
of Titan and Venus

description

a. The predator : it is a remote-controlied light aircraft, that remains un-
deatected by radars.

b. AutoCopter: it is a military robot with a neural networked-based auto-
matic flight control system. It works with computer and is gasoline pow-

ered.

c. the Blimp: evolving aerial robot that 1s controlled in thrust and can slip
sideways. it is controlled by a computer and powered by batteries.

sub-category(autonomous flying)

%
»
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description g

Living snakes have 4 major gaits: _ ﬂ J I [IGEtIﬂI’I
Thﬂ ulllvel'suy ﬂf"lchlgan 1. lateral u_m:lulal_inn ' ' , ' o * .--rf
2. concertina gait e~ . 3 - = St *

plesents e P ' 3. sidewinding g ﬁﬁ
N \L. \ l"'l__ et (AL 4. rectilinear motion - . = |
R UGN . ' Designers of snakelike, nonlegged robots have adopted one or another of these methods e
to provide mobility for their machines.

behavior

The snake-shaped serpentine robot is propelled along by moving treads that cover 80
percent of its body. These treads prevent the snakebot from stalling or becoming stuck on
rough terrain because, similar to a tire touching a road, t the treads propel the robot for-
ward like a tire touching a road.

A human operator controls the snakebot via a joystick and umbilical cord, which also pro- L PRt A . Saxyeey )
vides slectric power, which sends commands to specially designed software. A smaller, but - Ty Y
more self-contained version that 18 now under development will carry on - board power for
one hour of tetherless operation

serpentine / snake robotics) Elpp]ICEl’EIDn

The serpentine (snake) robot can be used for hazardous inspections or surveillance in
industrial or military applications. Other uses can be for inspection of pipelines, for medi-

.
{' _} cal applications for both diagnostic and surgical purposes.
LY

robots + traiECtorieS suzanbabaa+ harrisonblair+johncerone+artemispapadatou +matthewpauly + eleftheriatzanaki

sub-catego




selflocomotion

Different types

Hirose snake robot with adaptive Snake robot that Is capable of adjsting to  Robot with a mechanism strong enough to
cord mechanism terrain variations by means of relative enable it to lift one or more of its segments.
vertical movement

This Crawling Robot is a tetrahedron, which is a pyramid with
three sides and a base. The tetrahedral pyramid shape is a fun-
clamentally stable structure and the simplest space-filling solid.

HOW DOES A TETRAHEDRON ENGAGE IN LOCOMOTION?
The short answer is by maoving the center of mass in a direction
just off to the side of a target in the direction of a tetrahedral side
until the tetrahedron tips over in that direction, and then moving
the center of mass in the direction of an adjacent tetrahedral side
just off to the other side of the target until the tetrahedron tips
Typical Linkage that is used in order over in the other direction. The center of mass is moved off-

to connect 2 pieces of the shace robot. center by lengthening and tilting above ground struts in the di-
rection of alternating adjacent sides, creating a flip/flop motion.

sub-category (serpentine / snake robojis=)
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1. Submarines _ vehicles autonomous

Underwater robotic vehicles equipped with thrusters

description

Underwater vehicles differ from ground-based vehicles in a number of
ways:

1. The vehicle must move in all three coordinate directions.

2. The density of water in which they move changes as a function of depth,
and with it, the control characteristics of the vehicle change as well.

3. With increasing depth the water pressure on the vehicle increases.

4. The dynamics of underwater vehicles are highly nonlinear, thus making
simple linear control nearly impossible.

5. The vehicles must be sufficiently waterproof to safeguard all the on-
board instumentation.

sub-category(underwater)

’% - -
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1. Submarines _ vehicles autonomous modular

30E O

s[M[PJ@l B[P

B - §|u;.'u|£ ®

 BEEERE REC

B
M
;.
: B = 3
BIM|P BIPIM &
(a) (b) (c)

The concepl is a modular syslem composed of a sel ol stackable, cylindrical modules with different funclions. A working robol conlains al leasl one
of the four module types: buoyancy ('B’), motar (‘'M'), power ('P’), and computation ('C’). As shown in (a), a robot can dock with a module resting on
Ihe sea lloor, adding hal module lo ils confliguration. Additional modules increase the capabilily of the robol. Adding a buoyancy module, (b) lop,
allows the robol lo move horizonlally wilh increased effliciency; adding an extra power module, (b) center, increases lilelime and thus aulonomy;

and an additional motor module, (b) bottom, increases maneuverability and speed. A module deployment sequence is shown in (¢), with two robots

docking, followed by the placement ol The modules of the lower robol on the sea lloor.

application

FaTe

description

Autonomous underwater robots
that are modular and can establish ad-hoc underwater
networks. Such robots will permit the exploration and
o= monitoring of underwater environments, allowing applications
‘ such as long-term monitoring of underwater habitats,
j monitoring and surveillance of ports, modeling the impact
"f...] of weather and ground activities (such as manufacturing
= and agriculture) on the water quality, and underwater geochemical
o prospecting. Each of these applications requires a

Detail: The mechanics of the docking and latching mechanism long term underwater presence that can cover a large area

in crosssection The latching plate with a variable-width hole, and adapt to triggers in the environment, positioning and
viewod fiam above. repositioning the robot or adjusting the sampling rate.

sub-category(underwater)

‘?
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1. Bioogically inspired Underwater Robotics
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description application

(A) Change Wave
Figh using this method are propelled by a muscle wave

(C) Oscillating Wing
Fish using this method derive nearly all of its propulsive force

MEgatve Pragauns

in the bdy of the animal which progresses from head = from an oscillating wing-shaped Lail fin. The molion of the oscillating Gradent + Dmumg Ving
to tail. This causes the fish to be propelled by the achon wing is combined heaving motion and leathering motion of the tail fin, — \V *:‘:L-;*ﬂg
of its body upon the waler. In order 1o get propulsive and has about 90 degrees of phase angle between the heaving and ;
force, it is needed thal velocity of the wave is fasler than the teathering of the tail fin. Tuna and Bonito use this method. Cetaceans ey
forward speed of the fish, and amplitucde of the tail part ﬂ__ _-:.:%_ also use this method, although they wave their lails up and down, nol lefll
15 bigger than that of the head part. and right. These fish has a crescent and wing-shaped tail fin. As its span

(c) Ostraciiform is long and its chord is short, the tail fin has high aspect ratio. High aspect

ratios are associated with very high lift performance in wings, propellers,
helicopter rotors, high-speed motorboat propellers and hydrofoils

(b) Carangiform
(B) Body Foil
Irout and Salmon are fish typical of those using this - il B £

swimming method. [hese fish push water away behind them e _. iradant
p . (D) Oscillating Plate -y 5

with using both oscillation of a tail fin and motion of a body. <
(&) of the figure to the right shows pressure distribution by the b presses Fish using this method oscillate only a tail fin alike a plate withoul moving

motion of body conceptually. There are positive and negative — S@se > _runes the body. The direction of water pushed by the Oscillation Plate may [_ 0 pusned
pressure gradients, or we may have to say them action : ———=—=p (isperse to left or right, not behind the fish. As the result, this propulsive =
-reaction force, their total force then becomes propulsive force, ™™ —— Tall method has weak points at swimming speed and propulsive efficiency. \\




selfconfiguration
The GOLEM Project Cornell Computational Synthesis Lab

The evolutionary process iteratively selects fitter [determined by its locomo-
tive ability] machines, creates offspring by adding, modifying, and removing
building blocks using a set of operators, and replaces them into the popula-

- S T TLY) -y o= - - 4 . el TN I A Y. N TR,

tion.
il 1 W - ). = -y o= 0. s ;= -0 el ETaAn P=0.07T
parameters
Variables -
robot = <vertices> <bars> <neurons> <actuators>

verticies = <x\yz>

bar = <vertex 1 index, vertex 2 index, relaxed length, stiffness>
neuron = <threshold, synapse coefficients of connections to all neurons>
actuator = <bar index, neuron index, bar range>

i )3 =0 [ ;O r == el g =0 e i a T = o= ). S

Target - Maximize net distance that center of mass moves over 12 cycles of neural control

Process-
Create 200 null individuals

1) Apply at least 1 mutation (probability of occurance)
mutate length of bar or synaptic weight (0.1)
add/remove dangling bar or unconnected neuron (0.01)
split vertex and add bar/split bar and add vertex (0.03)
aftach/detach neuron bar (0.03) et reen el =0 Y et =3t

2) Simulate and rate mechanics of control
3) Replace 1 individual w/ new robot (tree diagrams reflect different criteria for doing so)

4) repeat x 300-800

L TR T TR ] C AT =TT AL = i} dLi=h LAY REELTRT"

golemproject
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Molecube Cornell Computational Synthesis Lab

Robot evolves buildable morphologies and assembles its modular compo-
nents into these forme.

parameters

Module Types:

Swivel blocks: rotation
fixed polarities

Effector blocks:no rotation
N, g, off, magnets settings
Targets: Construct 2 identical assemblies
Evolve morphology which machine can reach
Evolve sequence which will construct morphology

Fewer motions
Fewer basepoints

Avoid;

Colhision
Unintentional magnetic bonding

molecube

2

selfconfiguration
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Starfish Robot Cornell Computational Synthesis Lab

A robot discovers its own morphology through recursive modeling and test-
Ing, adjusting its models and behavior as its morphology changes

algorithmic components

1) Arbitrary motor action provides sensory data

2) 5 self-models explain causal relationship between actuation and data

3) Which action will address the greatest disagreement between (the predicted sensory signals of) these

models?

4) This action is performed

5) Repeatx 16

6) Accurate model has been created

7) A behavior is created based on model

8) This behavior s executed

oy o~
- )

10) Beginning with model in step 5, steps 1-4 are repeated

11) Damage is discovered

12) New model i1s used to synthesis new behavior

13) New behavior is executed

w

R

(S
2

ii;f‘ . .
* robots+traiectories

selfconfiguration

Source: Bongard, J. et al. Resilent Machines Through Continuous Self-Modeling. Science 314. 1118-1121
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Swarmbots Information Society Technologies

Robots signal to each other (using
color LEDs) in order to perform group
behaviors

algorithmic components

Algorithm 1: The assembly module
1: activate color ring in blus

2: rapeat

3:  feature extraction (camera)
4:  sensor readings (proximity)

S: (i1, 02, 03) <-f{i1, 2, i3, i4)

7. if (03 > 0.5) ™ (grasping requirements ful

filled)
then
8: close gripper
9 if successfully connected then
10 activate color ring in red
1 halt until timeout reached
12 else
13: open gripper
14: endif
15:  endif

16:  apply (o1, 02) to traction system

swarmbots

e

1 Source: Grob, R. et al. Autonomous Self-Assembly in Swarm-Bots. |EEE Transactions on Hobotics 22, 1115-1130
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endeffectors

surgicalmanipulator industriﬁlmanipuia_tor cncbender multi-purposemanipulatot

applicationcnc bendel

manipulating
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endeffectors

commercialseawing machine

weaving

industrialloon
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applicationearth moving
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properties

Moves vertically and uses rotary motion about the z-axis.

|
!
!

drilling
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