













































































































IN3140 exam 2024

Task 1 Task 2

Cartesian manipulator
SCARA manipulator

Task 3

Ixy I IiS xy play 7 dxdydz
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Task
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Inertia
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Task 6 IP

PI controller ult Kpelt t ki felt at
Ult Kp gdesired 9current t ki 9desired gcurrent at

Kp 200 Ki 20
9desired 2
9current 1.25
Ot 0.25
I 0.05 previous error

integral 30 2.0 125 0.25
timestep

30.1875

act 0.25 200 2.0 1.25 20
341931 753,75

Ka Trot Kit
Task 7 3p
a Why reality gap is a problem

real world environments are complex difficult to
model accurately in simulations and discrepancies
between the real world and the simulation can
cause the robot to behave differently in a real
world environment than in simulation

errors discrepancies in simulation can be exploited by
the Al and thus cause unexpected behavior in reality

b Why we simulate robots

to avoid damaging physical robots
safety can avoid dangerous situations
cheaper because wedon't have to develop physical prototypes
or spend a lot of time setting up physical experiments
more effective in terms of ability to test out different
algorithms designs quickly

something along these lines should bementioned but it's
not necessary to include all points












































































































Task 8 3P

Ros node

Code with a specific purpose in yoursystemcan for example be a camera that publishes images or
path planning orsomething like this
Each node serves a purpose and in a larger system there
are typically multiple nodes that address different tasks in

Ipis Yervice
can communicate with each other through

something related to this

Task 9 10p

Why do we have different ROStopics and messages

The topics work as communication channels and we need
different ones based on the information that should be
communicated on the channel The point is that each topic
is dedicated to a specific task and thus it is known by the
nodes that publish and subscribe to the topics what kind of
information is shared

we need different messages because the messages contain
different data that can be structured differently Naturally
data such as text numbers or pictures aren't represented in
the same way and we need different message types with
unique structure and composition for different data

something related to this all this is not needed
for full marks












































































































Task 10 Zp
important to include

a workspace overall donut shape
inner boundary show
the hole in the donut
where the tool tip can't
reach
rounded edges1

e.fi f
Fhoewneretoome

cannotreach

b DH convention 7p

É 1111
ItEI

c Forward kinematics Fp

att
cos 0 90 cost cos 90 sin O Jin 90 sin Qt
sin It 90 sin cos90 t cos sin 90 cost I
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d Inverse kinematics analyticalmethod top
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e Jacobian
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Task 11

g Rot y 900
a w Tbt

RY
Cos90

singoo of
singo

Esso

t
35253 LeCZ

t I 4453 these
Lacs Lt

1 1

X 3.05 M

J y 0.35 mI 0.35 2 0.071M
I

b since the parts come with a random orientation the robot
will not be able to grasp the objects since it does not have
a wrist Now it canonly grabobjects if theycome on a specific
orientation so to complete the task a spherical wrist 3DOF
or some extra degrees of freedom needs to be added so that
it is able to grab objects in any orientation












































































































TASK 12 18,5P
a Kinetic and potential energy
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44 7
P mgh P mga

4 I 4 in this case the height
depends on the first
prismatic joint and thus
the potential energy does too

since we add the prismatic joint back when calculating
the kinetic and potential energy the firstcolumn of the
jacobian is not o anymore and 4 0

For Jw this column is o regardless but Ju will instead be

Ju 8 431252
438202

Jw E E
This will lead to theaddition of the contribution of 9 to
the kinetic energy of the system

v ft g

since there is only I mass print still the rest of the
energy calculation is similar as in s the new Lagrange
should thus be

UTU 419122422 t g

since Jw is the same as before the angularpart of the
kinetic energy is the same so

K Im 419122get t g Izz ai

And the lagrangian is

Im 419122422 t g t 127922 ng L



However when using the euler lagrange equation to find the
dynamics of the system we now need to account for
both joints so the Lagrangian is both differentiated
with respect to the first and second joint
This means that we need to find

t dat 29 and I
dat 27

and set it up on the form

t t
to find the total dynamics of the system

here it is important to show the overall approach
and not accurate calculations



Task 13 18
ulsl
Kpq

s Kds
a

so

t.LIeI
b PD controller
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Geometrical approach

Top view
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Front view
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