

















Inverse kinematics part 1

Repetition forward
kinematics

Forward kinematics You have the angles or length variables of the joints
and you want to know where the tooltip ends in space

Example calculating forward kinematics of a robot

1 the drawing

k
Z in the direction of action

Xi needs to intersect Zi i
if not we move the origin Oi so
theyintersect

y from the right hand rule

2 Fill in the DH table

design
I

fit t o
cylindrical manipulator

ng
angle from Xi to xi about zi variables for the

joints
di distance moved for a prismatic joint

distance from 0 to intersection of Xi and Zi i about Zi l

ai distance from intersection of Xi and Zi i to Oi

Li angle from Zi to t measured about Xi

essentially we want to find the transformations between
these 4 frames



3 For each link 1,213 we use the special matrix and
fill in all the values Oi di ai ai that we found

Ai
so Cai

ga

SaiSai
Cai Cai Cai Sai

ga
Yid the special

matrix

Ai Hi 5 Col

8

O OAz Hi f y f Y
I 0As H 9
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4 Find transformation from base frame to tool tip frame
In forward kinematics we essentially want to find the
transformation from base frame to tooltip frame because
we want to know where the tool tip is in space

we want to find H's remember HY HEHE
H HY HEH
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the forward kinematics



Lets say we want to find the point where the tooltip is in our
world frame we have the info

900 di 100mm da 230 mm do 84 mm

1 i D
this is where the tooltip
is in the world frame

reverse kinematics

nurse kinematics Given the position of the tool tip what are
the joint variables Oi and di

more useful than forward kinematics because we often
know the point we want to reach where we want the
tool tip to be but not how to get there what joint
angles and extentions we have to use in order to get there

more difficult cause it requires thinking outside the box

Method I the analytic approach recommended

The idea is to make expressions and solve them algebraically

We want to use the expression for the position of the
tool tip which corresponds to the last column of our
forward kinematics matrix it is a translationvector x ly z

we set up a set of equations on the form

x a
translation vector

EI from forwardkinematics
matrix

the goal is to put the variables on the left hand side
of the equation
we do this by manipulating the expressions algebraically



some useful formulas to use

e

Example calculating the inverse kinematics with analytical appr
From the previous example we have the forward kinematics

I a

From this we get the equations
X Contd To solve these we use the trigonometry
I di'tdays formulas and some creativity

our variables are 0 i dz and dz

1 Finding do

Z d t da d z d
both t and di are known

2 Finding O

Y go I Iida IIe tan 0

tan 0 I O arctan Y atarz yax



Note we use the atom 2 function instead of the
normal are tangent function

For Python
atancixiy arctan f
different programming
languages have
different implementations

3 Finding d

y so t dz't d I we know 0 from
step 2 so now we
can just fill it in

OR

x2 y c d t Sid a date t si dit

d c 2 t 5,2 d3
d Tty

so we have the inverse kinematic

Eta Y atanzcyx
d Faye

t we want our tool tip to be in point o 84,330 we can
use the equations above to calculate the joint variables
X O y 84 2 330 i d 100mm

Q arctan 8410 atan 2184,0 42 900

dz 330 100 230mm

d 0 45 84 mm ever do to

We can see that the forward and inverse kinematics match D



Method 2 geometric approach

The idea is to project the manipulator in various planes and
pretend it's in 2D

we look at the manipulator in side view
we look at the manipulator from top view
and then identify as many equations as possibleusing
trigonometry

Example finding the inverse kinematic equations using the geometric
approach

projecting onto the side view

Items
remain

Theheight of the tooltip which is in

of link I di and the variable length
of link 2 dat so

dad j z a at a z a

Note We cannot find 0 from this
drawing cause rotating 0 would cause the
tooltip to move in and out of the plane
but that's not possible since we're in 2D

21 Projecting onto the topview plane Xo yo plane

If we draw it like this we cansee that we can find 0
byusingthe tangent

O arctan Tx aten2 y x

Using pythagoras C2 azt C


