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- \m\odhg KinematiC$

FORWARD KINEMATICS

Forward  Kinemafics © find +Hae end effelkor giuen the joint
varilble S.
We wse  the DH CAvenbon — it s a (elipe for 6nding the

forword. kKinennactics.

ReciPe

1) Draw oordinote fraomesS on the manipulotor
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- Xi L 24
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change between
t leads to a simpler DH ta,\C.



2) Tl in the DH  fable
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2) Use the DH table ¢o £U

le N the Spectal  matl X
for eallh LinK /joint
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= this gues  the transformohion  betueen 2
fromes tlhaot ome ofRr eachh otwhelr

4) Find  Hae onsHrmoe bon

between the base andh
e0LW 0L twhe o€l

by) uusfr\cg this formuUle -

_ouX ou®
MYy = RR Ry

= {he fovward Kine patics (s

the
tran Sformab on between  the bosk Hone ond
the tooltip ffome

= the posithon of 4+he toolthp (S given by the
Last column (3 Erst fows) 0f tuc
Orwwd Kinemah'cs  modvi X
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_T\ 2. a) Sketc\h  workspaLe  ond
’ N C\O\SS{{’\O fobot au,ordu'ng
)«/ Yz to (t¢s” joints:
L \Mh%\ - w's oo PRP robot.
X1, %a — Wolfspu e
WY1
X 2

b)  ASSign  coorainate frames to the robot accorcing
to DH (onvenbon ond wWiike the DH table.

W e di o | A ~
1 0 | A, | Lokt O

() Derwe the forword Kinematils
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INVERSE KINEMATICS

lnuerse Kinematics - Find the )'oU\Jc vanable 5 (w\cakts or
dastances ) based o  the tool P posnvhon

- We con wie ke geomed(C ap proatlh where  we
ook at the robot ~ from difterent rFlN€s  ancl wse
eomerty 0 AN eXplesSions for the joint yovriabled

Or we (an use twe  onalyoC opplo0Un  where we

Sek e n (= Nnrof oint uvawiocbleS) €3UuUNh0ONS
onde try 40 solJVe foc the joink vonlOble S

-

Recipe analpybc apefooLln -

1) TaKe& twe +ranslahon vector port from +he frward
kKinehio €S (wwithh describes ftwe positidn o

the ol @p ) ok gek 0P egqudhons LiKe Wi

X = X-palt of Hansladon vector
Y = Y-realt of Htaps\odhon veckor
E = t-palt of tapns\odhon veckor

2) Then WsC these 10 $ole

| ‘ for tne joint variable S
by &Ny HigONOm et C

foles ancdl  algelofoc rules.
Recipe  geomeri( aperoaLln -

1) Draw twe robot nc relevant  GomeS Foan dilk erent
perspeC NuesS onde pretend ks 2D.

—  proyeCt in slde view (where we look gt e
montPIOLtor  Foan (s Siodle )

- pioject in top uview (Wwere we 0L at twe cObot
fFom Qbouel ).

L) Use geometiC rwes to fnd expressions 4OF  tae
yornk Jori ovles



ExerciSe 2 exXxam 2014

€) Derive the ingerse kinepab'cs of the robot

Aoy hC  aPPIO0Cla

X = 'a3~51 + logg = - (Latlst da* sy 4 log €
Y = C2d- :(L‘L"'L‘S'k d—ﬁ')(z
2 &L, = L4 Ly +d ¥

) Soluing  for d¥ .

2 Litlot ¥ © d¥=2-L-L,
2)  Sowing €r d ¥

X = —di5, + logg = Js Sz = \off - X
QY Cod3
Coff -x)™ = (se J’s\l: S2 %l

Y= - (Lz &331 = s
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Ly +Ly + dst = V(og-x\Tvyr =

R T e L B Y

. v Y .
( P(H{{V\(M\Ueué A = /Cz. —(q - Ly « Since G-
Adoe i tt dapend on dy*F ).



) Soling for 6, *

X = —da S, + logg = loH - X = 510’(3
Y C.d3
n lo — X _
Sz {3 _ ’G’é = tL _ \.O ’G{— X
(2 d> K 3

D. = atany (\5 | \o&f - x )

Geome W iC aperooC -
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= (%o, o) “glane.  (looking at +twe robot
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\
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sin B 0s 01 _/
> ton Bz = Co$ B2 ;/3;_ 02 /&<\
da
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VELOCLITY KINEMATICS

Wit respect to thhe Lase’ fanme.

- 40 fnd Aae JC,LOLH'\Q of Hhe 100l Hp we need e
Velolines of all previous joints

= 4o deal wwhh ycloUhies ( we need the JOLObian walrix
- \)e,kociJrv Of tool Hp i g\\/en oy
g = Ja — ) 1S datovian ()= [ o] )

= joint  elouty -

v = A\J 9 = YU s e lineor port of the Jasbion

W = qu. = Jw s the angulor part oF the Jacobian

Recipe Rr Fmduvxg The  Yodbian ¢
1) Set  wp A scheletdn 0f +he joCObion A0St wsing
tWwe r(uol\es below
2) Find WV ond Jw
Ju

Jince fre  Jacdbion o be wiitkn as J= J)
we n  pFnk Ju sk Jw  Separotely. I

—Jv = the \near velodity part

W Wwse
f\‘/\e&gc tz 2.1 *(0n = Oi-\) for reVOlute joints
on = . . s

(;r:dk one < Ti-\ for RAismahc JIntS
colunn in
Juend dw = T fhe ongwlar velowty  part

_ 21 for revolute jointys

Juw = 0 for RCisnahC  JOINTS

2)  ASemble twe  Jacobion  allording  to J = jZ)J
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d) Derive twe Jaobion 40f tle robOt
Snheleton -

[ 2o 2, %(03-0,) 22 1
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0 O —S2
20 = O %[ - O 2L = Cz
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~dyso+lo bk ][ Lo &y 52
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& d, 0
O '81:352
2, * (0,-0.)°= 0 X Ay Co
I 0
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= —$2 A3
O
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Sinoulohies - Posihons
nmodement Lo\
move ment (n

of +hke (DLot wwere  minlr
regWre & ook OF force 1© voue | thug
speCt e Al (hOns can be (mpoSsiole.
—  Wsouoll

Singuloribes exist when the toolbp s
the

oN
boundar v ofF f\e (ol KSpace.

—  We can e the Jdauerminont OF The Jacobion 1o
calcnlott  tine singulos On fgurations of a robot:

lJyl = O

HOMO GENEOUS TRANSFORMS

The idea of lhomogeheOUS traun s40rims s to be able 40
represenNt  the novemant of the ro0bot wirlh respelt o
dwferent  (oordii note Lromes .

— wswnallyy we e o boase Fowe ; oo wortde  frome
oA o tosK  fome.

‘Redupe 4 wsing homogene ous rons4ornag

1y V& Yo have wmulbple  fames | rdentif

coofdanates (0,0,0) gnd Wse e af an interanecdidte
Stopeing stakaon' betideen the  fHame Wwert wou  are”
and tne  fome yow want to ‘o to.

the dronne with

Veckors fom {he (0.0,0\ - (oordungte {rome
fo Yol otwer frames .

- Yow can tnenn uwse the

* X 2z
Hks: \_\?:H\\,)

formuloc:

\ver 4ing  a. homogentous wangform:

e (wy) = [RYT (RE)T ]



Z) finde the rotation between two and. oo frames
onNd. e trons\lobon vectdl between twem 40 ossemble
the Wnowmogeneduns trouns fofm -

H - [ R d ] ( onde eu gl MRATR LY
o | oOLlol ddng ™ oclove rule)
- WSe (gt hand rwle (§) fOor the  rotation

= poSt - mulbply rokahion makices & The  rotahon
between fomes hoRPens witlhh resSpeCeE €9 more
thoan 1 fownc.

Exercise fonn twhe book:

1) Find +lhe Womogeneous tFans formaion .
re\lobing  eacih of twese frames ES
O the poase o€ 0oXoYslo. -

w

0O O

He o= 0 |
| \ |
0 |

{ ©
0
0 D
0 0

Tor  fnking H%  ond WY
we \wale 2 choices:

)
- Find ¥ ar\liusci‘ro .
oo bk WO (Ho= HOHR)
on LDF((;\’O(\dLi(\ﬁ teCh Mquc

Xo

O H3, — UWbe side = 20 wm n
b o _ twe centr of twe
- Find Wz @ndl My drecry. Eol\e ol fame (S
W iy Case S RASY | wut W Khe walddle

thoct 'S WOk always twe case.
- toble S o VELlm

Sg.uware
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o _ o v 0 1.5 °o _ 0 \ 0 l.5
Ha O 0 | " f O 0 -l 3
O O D \ O 0 O |

o fotaton by
orouNnd. Y -oXis§



1) Find  fhe Whomofenc oS ron S4ormaktion  relatng twe
HO\/\I\Q OLXL\ﬂLi'I. tO (VEY )(3%‘5 %3‘

-\ 0 O 0 Tronr YWne (;.odv\rc (e CON see

e - 0 0 0 Yox fomn Fome 2 o 3,
3 0o O -1 -L19 W MmBEVEe WP oy Twe

O QO 0 | z-ax's by 14w onk cotate

oW frame by 1#0° orounch
twe (Wrant  y-oxis.



