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11-2 2020

Period:  February 4th — April 28th 2020

Time: Tuesday 14.15 — 16.00

Place: LIACS, Room 407-409 (Workshops Room 302-304)
Lecturer: Dr Erwin M. Bakker ( erwin@liacs.nl )

Assistant: Laduona Dai

NB E-mail your name and student number to erwin@liacs.nl

Schedule:

4-2 Introduction and Overview

11-2 Locomotion and Inverse Kinematics

18-2 SLAM Workshop I and Yetiborg Introduction
25-2 Robotics Sensors and Image Processing

3-3 Project Proposals (presentation by students)
10-3 Yetiborg Qualification Challenge

17-3 Robotics Image Processing and Understanding
24-3 Yetiborg Race

31-3 Project Progress Report (by students)

7-4 Robotics Reinforcement Learning

14-4 Robotics Reinforcement Learning Workshop IT
21-4 TBA

28-4 Project Demos (by students)

Website: http://liacs.leidenuniv.nl/~bakkerem2/robotics/

Grading (6 ECTS):

+ Presentations and Robotics Project (60% of grade).

* Class discussions, attendance, workshops and
assignments (40% of grade).

+ It is necessary to be at every class and to complete every
workshop.
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Overview

* Robotic Actuators

* Configuration Space
+ Rigid Body Motion

+ Forward Kinematics

 Inverse Kinematics

« Link: http://modernrobotics.org

K.M. Lynch, F.C. Park, Modern Robotics: Mechanics,
Planning and Control, Cambridge University Press, 2017
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Robotics Actuators

* Electro motors

* Servo’s

» Stepper Motors
* Brushless motors

* Solenoids

1
0 l 1.50 ms: Neutral ‘
1.25 ms: 0 degrees ‘.

1.75 ms: 180 degrees .’

 Hydraulic, pneumatic actuator’s

5w 000
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* Magnetic actuators
* Artificial Muscles
* Etc.
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L] import RPi.GPIO as io
obotics Actuators: o s s
[
inl_pin = 4
in2_pin = 17
0 Electro motors 10.5etuo({n1_om. io.0UT)
io.setup(in2_pin, i0.0UT)
def set(property, value):
try:
f = open("/sys/class/rpi-pwn/pwnd/" + property, 'w')
f.write(value)
f.close()
except:
print("Error writing to: " + property + * value: " + value)
1/500 second
_ e >
L293D set("delayed", "@")
sV set("mode”, "pwm")
1 16 set("frequency”, "568")
=1 EN1 +V/ fr— set("active”, "1")
1/20 (5%)
2 15 def clockwise():
io.output(inl_pin, True}
ov —t IN1 IN4 e o ¥
3 14 io.output(in2_pin, False)
—l OUT1 QUTY e
def counter_clockwise():
4 13 io.output(inl_pin, False)
5" —l 0V OV s i0.output (in2_pin, True)
1020 (50%)  —2 v ov K2 clockise()
o — 6 11 while True:
— OUT2 OUTS cnd = raw_input("Command, f/r 0..9, E.g. 75 :*)
7 10 direction = cmd[8]
if direction = "f":
IN2 IN3 clockwise()
B 8 9 else:
—1 +\/motor EN2 counter_clockwise()
18/ % speed = int(cmd[1]) * 11
8/20 (90%) set("duty”, str(speed))|
[

Universiteit Leiden. Bij ons leer je de wereld kennen

a 1.50 ms: Neutral

1
0 1.25 ms: 0 degrees ‘
0 1.75 ms: 180 degrees ‘
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Performance Comparison
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* Drivers: low-level, high level

- UTTpOTar TotoT
Coils f
Robotics oo [ 11
2 B N
Actuators ; :
«glo [ o
A
B
C
¥ D
. B @& 7 R
www.pololu.cohw ’ B L P
c E
* Stepper motors p J.- IR
By Wapcaplet; Teravolt. (Wikipedia)

Universiteit Leiden. Bij ons leer je de wereld kennen

Brushless Motors

HALL STATES sep3 sepl  sep5 stepd  step6

H1
H2
H3

CoilU

Coil v

Coil W

Driving End of the Shaft N |

FWD/REV

PIC18FXX31

| PWMS |
PWM4

PWM3

PWM2

PWM1

PWMO

IGBT

Driver | FYYMVIS

https://www.digikey.com
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Flexible Magnetic Actuators

ataxel down

F. Pece et al., MagTics: Flexible and Thin Form
W= Factor Magnetic Actuators for Dynamic and

® lacyno the plane e Wearable Haptic Feedback, UIST 2017, Oct. 22—

| Wowases g 25, 2017, Québec City, Canada

Robotics Actuators

* 6D Magnetic Control

* https://www.pi-usa.us

* pimag-6d-magnetic-levitation

Simple structure: The platform levitates on a magnetic field generated by only
six planar coils in the stator

The Halbach arrangement of the magnets makes it possible, to minimize the eneray required
by the active coils in the stator for carrying the platform, to increase the load carrying
capacity and to reduce thermal load
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Engineering & Applied Science

UADO BOULDER

Research Group

TACTILE SENSORS
SPEAKERS (X2] AND
EARLEDS

FRONT & REAR
MICROPHONES

INFRARED EMITTER/ CAMERAS (X2}

RECEIVER AND EYELEDS LATERA
MICROPHONES (X2)

HEAD JOINT
SHOULDER JOINT

CHEST BUTTON SONARS (X2]

ELBOW JOINT
BATTERY

HIP JOINT
WRIST JOINT

PREHENSILE
HANDS |

TACTILE SENSORS

KNEE JOINT

ANKLE JOINT

SENSOR PRESSURE
BUMPERS X2

HeadPitch

RShoulderRol

REIbowRol
REIbowYaw
RWristYaw
RHand
RHipYawPitch
RHipPitch

RHipRok

http://doc.aldebaran.com/2-1/fa;

28, P

//nao_dcm/actuato:

HeadYaw
LShoulderRoll
LShoulderPitch
LEIbowYaw
LEIbowRoll
LWristYaw
LHand

LHip YowPitch
LHipPitct

LHI !M. ol
LKneePitch
LAnklePitch

LAnkleRoll

ensor_names.html
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How to move to a goal?

Problem: How to move to a goal?

 Grasp, Walk, Stand, Dance, Follow, etc.
Solution:
1. Program step by step

- Computer Numerical Control (CNC), Automation.
2. Inverse kinematics:

- take end-points and move them to designated points.

3. Tracing movements
- by specialist, human, etc.
4. Learn the right movements

- Reinforcement Learning, give a reward when the movement
resembles the designated movement.

https://pybullet.org/wordpress/

Universiteit Leiden. Bij ons leer je de wereld kennen

Configuration Space

Robot Question: Where am I?

Answer:

The robot’s configuration: a specification of the
positions of all points of a robot.

Here we assume:

Robot links and bodies are rigid and of known shape =>
only a few variables needed to describe it’s configuration. . Lymen, r.c. park Moder Robotics: Mechanics,

Planning and Control, Cambridge University Press, 2017

Universiteit Leiden. Bij ons leer je de wereld kennen
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Configuration Space

* Degrees of Freedom of a Rigid Body: the smallest number of real-valued coordinates needed to represent its
configuration

Universiteit Leiden. Bij ons leer je de wereld kennen

Configuration Space

Assume we have a coin with 3 points A, B, C on it.

In the plane A,B,C have 6 degrees of freedom:
(xAyyA) s (xByyB) ’ (xcay()
A coin is rigid => 3 extra constraints on distances: d g, d ¢, dgc

are fixed, wherever the location of the coin would be.

1. The coin and hence A can be placed everywhere => (x,,y,) free to choose.
2. B can only be placed under the constraint that its distance to A would be equal to d ;. =>
freedom to turn the coin around A with angle @, => (x,, y4, @45 ) are free to choose.
3. Cshould be placed at distance d,¢, dgc from A and B, respectively => only 1 possibility, hence no degree of freedom added.

Degrees of Freedom (DOF) of a Coin
= sum of freedoms of the points — number of independent constraints
= number of variables — number of independent equations =6 -3 =3

Universiteit Leiden. Bij ons leer je de wereld kennen
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Configuration Space

[1] Definition 2.1.

The configuration of a robot is a complete specification
of the position of every point of the robot.

The minimum number n of real-valued coordinates
needed to represent the configuration is the number of
degrees of freedom (dof) of the robot.

The n-dimensional space containing all possible
configurations of the robot is called the Configuration
Space (C-space).

The configuration of a robot is represented by a point in
its C-space.

Universiteit Leiden. Bij ons leer je de wereld kennen

Closed-chain robot: Stewart-Gough platform. [1]

Degrees of Freedom of a Robot

* Arigid body in 3D Space

has 6 DOF U-)
% Revolute
: (R)
—
% Prismatic
(P)
* A joint can be seen to put Helical

constraints on the rigid (H)
bodies it connects

« It also allows freedom to

(&5
I Cylindrical

(C)

Universal
)

)

Spherical

(S)

move relative to the body it
is attached to.

Universiteit Leiden. Bij ons leer je de wereld kennen
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Degrees of Freedom | == -
of a Robot I

<>
L
(P) Universal
+ Arigid body in 3D Space has 6 DOF )
i)

Cylindrical
(©)

Helical
(H)

Spherical

®)

Constraints ¢ | Constraints ¢
between two between two
Joint type | dof f planar spatial

rigid bodies rigid bodies

. . Revolute (R) 1 2 5

* A joint can be seen to put constraints on the Prismatic (P) 1 5 5
rigid bodies it connects H 1‘,' 1’ (H) 1 N} A N
elica 5

+ It also allows freedom to move relative to the Cylindrical (C) 9 N/A 1
body it is attached to. Universal (U) 9 N/A 1
Spherical (S) 3 N/A 3
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Planar Mechanism DOF = 4

Degrees of Freedom of a Robot

Proposition (Griibler's formula)
Consider a mechanism consisting of

* N links, where ground is also regarded as a link.
* J number of joints,

« m number of degrees of freedom of a rigid body (m = 3 for planar mechanisms and m = 6 for spatial
mechanisms),

« f, the number of freedoms provided by joint i, and
* ¢; the number of constraints provided by joint i, where f; + ¢;= m for all i.
Then Griibler's formula for the number of degrees of freedom of the robot is

N = 5 links
J = 4 joints

f;=1,foralli
¢;=2, for all i

J ]
dof =m(N —1) — ZCi=m(N—1—D+Zfi
i=1

i=1

This formula holds only if all joint constraints are independent. If they are not independent then the formula provides a lower
bound on the number of degrees of freedom.

Universiteit Leiden. Bij ons leer je de wereld kennen
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Cylindrical

(C)

<
' (R)
& Prismatic <>
(P) Universal
()
X

Helical

(1)

Spherical

(S)

Figure 2.8: The Delta robot.

Example 2.7 (Delta robot). The Delta robot of Figure 2.8 consists of two
platforms — the lower one mobile, the upper one stationary — connected by
three legs. Each leg contains a parallelogram closed chain and consists of three
revolute joints, four spherical joints, and five links. Adding the two platforms,

there are N = 17 links and J = 21 joints (nine revolute and 12 spherical). By e Links:1+3+3+6+3+1=17
Griibler’s formula, + Joints: 21: 9x R(1 dof) and 12 x S(3 dof)
* m=6

Universiteit Leiden. Bij ons leer je de wereld kennen

system topology sample representation
° .
Topologies ‘ ' i

X

point on a plane E? R2
latitude
90°

Note: S'x S*= T2 (not S?) I'y i

longitude
—180° 90 180°

[—180°,180°) x [—90°,90°]
s
Explicit Coordinates o

S‘E
¢ Euclidean x,y)
* Polar (r,0) \ N AN

Coordinates

spherical pendulum

* Combined x,y) x (1, ) 0
Y 0 2r 6
. o . . 2_gl,, gl . .
Imp11c1t Coordinates 2R robot arm T?=5'xS 0, 27.‘2; x [0, 27)
« {(xy2) | x*+y*+z2=1} 2n =
—@— — e = i
X
rotating sliding knob E! x St R! x [0,27)

Universiteit Leiden. Bij ons leer je de wereld kennen
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C-Space (Configuration Space)

How to describe a rigid body’s position and orientation in C-Space?

Fixed reference frame {s}

Reference fame attached to body {b}

Described by 4x4 matrix with 10 constraints (unit-length, orthogonal)

Matrix can be used to:

1. Translate or rotate a vector or a frame

2. Change the representation of a vector or a frame

- for example from relative to {s} to relative to {b}

Universiteit Leiden. Bij

s leer je de wereld kennen

C-Spaces
o The C-space of a rigid body in the plane can be written -(LHA
since the configuration can be represented as the concatenation of the
coordinates (2. y) representing R2 and an angle @ representing S1.

e The C-space of a PR robot arm can be writton (We will occa-

sionally ignore joint limits, i.e., bounds on the travel of the joints, when 4
expressing the topology of the C-space; with joint limits, the C-space is
the Cartesian product of two closed intervals of the line.)

Revolute
(R)

— .
Prismatic

(P)

e The C-space of a 2R robot arm can be Writtm where T™ is
the n-dimensional surface of a torus in an (n + 1)-dimensional space. (See
Table 2.2.) Note that St St St (n copies of Sl) is equal to T,
not S™; for example, a sphere S? is not topologically equivalent to a torus
T2

Helical
(H)

& 1k

Cylindrical
(C)

Universal

)]

Spherical
s)

e The C-space of a planar rigid body (e.g., the chassis of = ile robot)
with a 2R robot arm can be written as B? x S x T2 :

o As we saw in Section 2.1 when we counted the degrees of freedom of a
rigid body in three dimensions, the configuration of a rigid body can be
described by a point in R?, plus a point on a two-dimensional sphere S,

- an a one-dimensional circle St giving a total C-space of

Universiteit Leiden. Bij ons leer je de wereld kennen
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Task Space and Work Space

.
AN N
:; | e
N N
) ®
/ B \

N [j A
g;;a ' The SCARA robot is an RRRP open chain that is
() @ widely used for tabletop pick-and-place tasks.
The end-effector configuration is completely

o B Bl o b e g e described by (v, v, 7, ¢)

mechanism = task space R3x S’ and
The workspace is a specification of the configurations =~ = workspace as the reachable points in (x, y, z), since al
that the end-effector of the robot can reach. orientations ¢ can be achieved at all reachable points.

Universiteit Leiden. Bij ons leer je de wereld kennen

Rigid Body Motion

Rigid-body position and orientation (x,y, z, ¢, 0, v)

ositive
l?otation C—D
* Can also be described by 4x4 matrix with 10 constraints. |
« In general 4x4 matrices can be used for
- Location

- Translation + rotation of a vector or frame

- Transformation of coordinates between frames

« Velocity of a rigid body: (0x/dt, dy/dt, dz/dt, d¢/dt, 36/dt, dy/dt)

Exponential coordinates:
Every rigid-body configuration can be achieved by:

« Starting in the fixed home frame and integrating a constant twist for a specified
time.

 Direction of a screw axis and scalar to indicate how far the screw axis must be
followed

Universiteit Leiden. Bij ons leer je de wereld kennen
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= 60° so %, =

Fh

Body Xt

Y

}.‘

i |

{b}

Fixed ref

{s}

erence fr

ame
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Rigid Body Motions in the Plane

Figure 3.3: The body frame {b} is expressed in the fixed-frame coordinates {s} by the
vector p and the directions of the unit axes %y, and ¥,,. In this example, p = (2,1) and

(cos@,sin®) = (0.5.1/+/2) and ¥, = (—sinf, cos @) = (—1/»./5.0.5].

cos fl %, +sinf v,
—sinf X + cosf .

Previously:

P=DXs + pyj’r;-

Xy, = cosflx, +sinfy,, Ao
¥V, = —sinfx +cosfy,. (b} ‘\9
Vb Gy |
~ * __ i‘n
e LS00
o W e}
-
e Y.
-
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Rigid Body Motions in the Plane

{b} relative to {s}
_ | P=

b= [ Dy }

P = [ih }‘A'h] = |:

{c} relative to {s}

et

{c} relative to {b}

Gz
=[] el
Figure 3.4: The frame {b} in {s} is given by (P, p), and the frame {c} in {b} is given qy
by (@Q.g). From these we can derive the frame {c} in {s}, described by (R.r)

numerical values of the vectors p, g, and r and the coordinate-axis directions of the
three frames are evident from the grid of unit squares.

. The

cos )
sinf

|

—sin @
cosf
cosgp  —sing
sing  cosg@
cos 1

sin

—siny
cos

Note and verify: R = PQ, and r = Pq+p

|
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Rigid Body Motions in the Plane

{c} described by (R,r)
| T | cos¢ —sing
r_{?‘y]. R_{siné cos }
P ‘r{c I ‘r{c } Move rigid body such that {d} coincides with {d’}.
2 | pe e o | cos@ —sind
/Pi‘+p r= [ Dy } P=[ ] = { sinf  cosé }
V] A A
\ \ -‘f - ; b‘ - 7 5 . PR
\é If (b.d'} )g\ {d'} Then {c’} described by (R’,r"):
PN [T { = {c} : \\{c} R = PR,
Al p [ A .
;/r/ Y _ ¥~ r=Pr+p,
{s. 4} {sd} =
(a) (b) Note: SCREW MOTION

The above rotation followed by a
translation can also be expressed
as a rotation of the rigid-body
about a fixed point s by an angle 8

(P, p) can be used to

1. Represent a configuration of a rigid body in {s}

2. Change the reference frame for vector representation.
3. Displace a vector or a frame.

Universiteit Leiden. Bij ons leer je de wereld kennen

Rigid Body Motions in the Plane

Note: SCREW MOTION - r= [ i ] . R= [ cos¢ —Emp }
. {c'} Ty sing cosg

The above rotation followed by a

translation can also be expressed as a

rotation of the rigid-body about a fixed

point s by an angle 3 A b [ P ] P =l 1] = { cosf) —sind ]

{c} described by (R,r)

A

Move rigid body such that {d} coincides with {d’}.

< L Dy sinfd  cosd
(B 50 s,) , Where (s,,'5,) = (0, 2) R
. . .
- Then {c’} described by (R’,1"):
In the {s}-frame rotate 1 rad/sec with $ 1rad/se R — PR
speed (v,,v,) = (2, 0) is denoted as: (517 ~i "_ . ’
S = (0, Vy V) = (1,2,0) (Vi Vy) = (2)0) r' = Pr+p,
Following the screw-axis for an angle
0 = /2 gives the displacement we want:
SO = (n/2, =, 0) N
ote:
These are called the exponential coordinates - distance = vt
for the planar rigid-body displacement. - distance along quarter circle with radius 2 equals =.

Universiteit Leiden. Bij ons leer je de wereld kennen
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Forward Kinematics

The forward kinematics of 3R Planar Open Chain can be , [ 2 p } Tz Tz P
=1y 0=

T21 Toa Taz P2

written as a product of four homogeneous transformation ra T ot py | {4) &
matrices: T,, = T,,T,,T,,T,,, where a o0 0 1 - 1
cosf; —sinfy 0 0] cosfly, —sinfy 0 L, \(2‘.'3.;)
T — sinf, cosfy 0 0 Tro — sinfl, cosfy 0 0
o= 0 0 10 2= 0 0 10
0 0 0 1| 0 0 0 1
[cosm —sinfly 0 L, | r 00 Lﬂ
_ | sin#z  cos#z 0O 0O 1010 0
=1 " 0o 1 o0 |° Tu=1901 o (45)
0 0 0 1 000 1 J

Home position M:

0 Li+Ly+Ls -
0 0 /

1

0

0
1
0
0
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PoE parameters also known as
Euler-Rodrigues parameters.

There are many other representations:

- for example Denavit-Hartenberg
(1955) representation is very
popular, but can be cumbersome

In velocity kinematics Jacobians are
used.

e :Srl—l]yrl—le[srl]gnjf

e:‘SII—Q:QH -2 E[Srt—l]é‘lrt— 1 e[‘sy!]ﬂ.ﬂ JI

Figure 4.2: Tlustration of the PoE formula for an n-link spatial open chain.

Universiteit Leiden. Bij ons leer je de wereld kennen
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Inverse Kinematics which angles 0,, and 0, will lead to location (x,y)?

Law of cosines gives:
L? + Lg — 2L LycosfB =z +4°

, hence
8= cos™! —L% * L% —a* - yQ
2Ly Lo

,and similarly

2 2 LZ_LQ
o = cos™! (I ty t 2)

2L /22 + 2

Workspace

/2

(a) A workspace, and lefty and righty (b) Geometric solution.
configurations.

y= atan2(y,x)

Answer:

. . . . 0 =~ — o, Oy =m—
Figure 6.1: Inverse kinematics of a 2R planar open chain. e p=m—f

In general: IK-Solvers

Universiteit Leiden. Bij ons leer je de wereld kennen

Real Time
Physics Modelling

https://pybullet.org/wordpress/

Fig. 1: The simulated and the real Minitaurs learned to gallop
using deep reinforcement learning.

pybullet KUKA
grasp training

Using Tensorflow
OpenAl gym

Baselines
DeepQNetworks (DQNS)

Universiteit Leiden. Bij ons leer je de wereld kennen
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Robotics Homework I

Assignment:

Give a link to the coolest, strangest, most impressive, most novel, or technologically
inspirational robot you could find.

Due: Monday 10-2 at 14.00 PM.

Email your link to erwin@liacs.nl with subject ‘Robotics’.

Universiteit Leiden. Bij ons leer je de wereld kennen

Robotics Homework 11

Assignment:

Visit http://modernrobotics.org and obtain the pdf of the book.
Read Chapters 1 and 2 and answer the following exercises:

©2.7

* 2.9 for Figures 1.18 d, e, and f

*2.17a) and b).
Due: Thursday 28-2 at 14.00 PM.

b

Email your answers to erwin@liacs.nl with subject ‘Robotics HW2’.

Universiteit Leiden. Bij ons leer je de wereld kennen
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Robotics Preparations

1) Form YetiBorg Racing Teams of 3 to 4 people

Appoint one person who will be responsible for the robot.

Email your teams to erwin@liacs.nl with subject ‘Robotics YetiBorg Racing Team’.
Due: Thursday 7-3 at 14.00 PM.

2) Project Proposal Title and Abstract
Give the title and abstract of the project proposal you will present on March 15%.
Also mention the number of people that will cooperate on the project (1-4).

Email your proposal to erwin@liacs.nl with subject ‘Robotics Project Proposal’.
Due: Thursday 7-3 at 14.00 PM.

Universiteit Leiden. Bij ons leer je de wereld kennen

References

1. KM. Lynch, F.C. Park, Modern Robotics: Mechanics, Planning and Control, Cambridge
University Press, 2017. ( DOI: 10.1017/9781316661239 )
2. https://pybullet.org/wordpress/
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Robotics

Y& Universiteit
4 Leiden

Bij ons leer je de wereld kennen

Robotics in the News

* Jimmy Drogtrop: https://www.youtube.com/watch?v=sqOPnPVTJ74, https://www.youtube.com/watch?v=sKjApQiZ7dc

* Sartana Fitra Amir, swarm robotics for agricultural application. http://laral.istc.cnr.it/saga/
* Chen Wang, https://www.youtube.com/watch?v=6vYA8L r850
* Simon van Wageningen: spotmini from boston:
https://www.youtube.com/watch?v=aFuA50H9uek
https://www.youtube.com/watch?v=7rgFtkMiXms
* (Cailin Dagg: Following are the "coolest" robots | found:
* Abipedal robot that combines walking and flying to navigate:
Article https://newatlas.com/leonardo-robot-walks-flies/58165/
* A bio-inspired robot that navigates using polarised sunlight and step-counting :
Article https://www.wired.com/story/a-6-legged-robot-stares-at-the-sky-to-navigate-like-a-desert-ant/
Paper http://robotics.sciencemag.org/content/4/27/eaau0307
* Arobot built to examine the locomotion of early tetrapods:
Article https://www.wired.com/story/a-crocodile-like-robot-helps-solve-a-300-million-year-mystery/
Paper https://www.nature.com/articles/s41586-018-0851-2
Online Simulator https://biorob2.epfl.ch/pages/Orobates_interactive/
* Giovanni Calore, https://www.youtube.com/watch?v=W1LWMk7JB80 . (SpotMini - Boston Dynamics)
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* Mathé Hertogh: These two examples | found really cool:
https://confluence.acfr.usyd.edu.au/display/AGPub/Our+Robots
https://www.kickstarter.com/projects/rse/worlds-first-eco-robot-protecting-reefs-from-lionf/description

* Jeroen Rook:
https://www.oreilly.com/ideas/building-structures-with-robot-swarms
Broad applications for construction, but also within agriculture.
https://sydney.edu.au/engineering/our-research/robotics-and-intelligent-systems/australian-centre-for-field-
robotics/agriculture-and-the-environment.html

* Pedro Santamaria: In my opinion Sony's Aibo
https://us.aibo.com/

* Maxime Casara: ABB robot:
https://www.youtube.com/watch?v=SOESSCXGhFo
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* Luca Ballan: 9 robots developed by Boston Dynamics
https://www.youtube.com/watch?v=bRHG7YObDuU
e Sophie Hendrikse:
*  https://robots.ieee.org/robots/aibo2018/
*  http://news.mit.edu/2019/robot-jenga-0130
*  https://techcrunch.com/2016/05/31/robots-date-mate-and-procreate-3d-printed-offspring-in-robot-baby-project/
* https://techcrunch.com/wp-content/uploads/2016/05/robot-baby-bgw-1.jpg?w=591
* Koen Putman Going to start with an obvious one, but the work of Simone Giertz is lovely:
https://www.youtube.com/channel/UC3KEoMzNz8eYnwBC34RakKCQ/
| will never forget the banana peel slip in the Spot Mini introduction.
https://youtu.be/tf7IEVTDjng It's also just a really great robot.
And I've always thought robot pets for companionship are interesting.
https://www.bbc.com/news/av/technology-35321227/ They're not really there yet though.
The more recent Anki Vector also has a sort of buddy role and personality. https://www.anki.com/en-us/vector
¢ Laurens Arp:
* Biological 'nanobots', used for medical purposes:
Research paper: https://www.nature.com/articles/nbt.4071
Quick article: https://www.ft.com/content/57c9f432-de6d-11e7-a0d4-0944c5f49e46
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* Renaie Leveridge: https://wyss.harvard.edu/robotic-insect-walks-on-water/
e Abdullah Alsaubie: https://www.anki.com/en-us/vector/vector-helpful
* Roos Doekemeijer:
- Toddler-like exploring and learning: https://www.youtube.com/watch?v=NOLAwWD4ZTWO
- Hive mind controlled by drone https://www.youtube.com/watch?v=i3ernrkZ91E
- Just for fun: pancake-making machine: https://www.youtube.com/watch?v=W_gxLKSsSIE
* Reinis Nudiens: Boston Dynamics robots: https://www.youtube.com/watch?v=LikxFZZO2sk
¢ Micky Faasen:
- The Djedi-robot for pyramids research:
- https://www.euronews.com/2015/07/23/robot-tries-to-unlock-giza-pyramid-s-secrets
https://www.newscientist.com/article/mg21028144-500-first-images-from-great-pyramids-chamber-of-secrets/
- Another one: https://news.artnet.com/art-world/tiny-robot-egyptian-pyramids-1180052
¢ Alexander Mulkidzhanyan: https://www.youtube.com/watch?v=8t8fyiiQVZ0
¢ Mei Chen: Kengoro from Japan: https://www.youtube.com/watch?v=3FlzxKugzUM
e L.M. Vos: https://www.youtube.com/watch?v=kHBcVIgpvZ8
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