[ INEMATICS : MANiPeILATOR
MoTION

® CxERD THE MANIPULATOR MODEL TO inciulé
TIME ,

® THE MOBELLING of MoTion ADBRSLSEs THE FollowiNG
TOPics

=LINEAL AND AMNSWAR VELOUTY of MaNIP. L;,.g;;

= LineAR PAND ANCULAR ACcELERATION oF MANIPUL
Links ]

= DIiFFERENTIAL MoTION 4

= THE MANIPULATOR JAcominN :

PaTH

ﬁf OBFECTIVE of THE  p=S>

o
STUDY THE METION
MmaniPVATOR'S INEMATICS

OF A SET OF RoboT
pRM LINKAGES AS THE
EMD EFFELTOR TRACLES
CuT A TRAFECTORY N
Sthace

b

= b SeauEnee of PoinTs IN 3TACE THAT THE END
e it

EFEEcTOR oF A RaloT TRAVERses AS iT MOVES
FRom oNE END PoinT TO TH§ NEXT:



TRAJECTORY = A PATH WiTH Time CONSTRAINTS , THAT i's

— e . f ]
INLLUDES YELORITY AND ALLELERATION AS
WEer AS rocaTON AT EVERY POINT ALoNg
THE PATH

Fr common CoNTRoL STRATECYT =5 FoinT |NTERPOLATED

e e e ———

MOTION_ = CaLculATE THE CHANGE i THE FOVAT
VARIABIES ReQuiR€D 'ﬂ' ACHIEVE THE Hway i..unﬂ‘unj

AND TO CONTRAL THE F0/NT MoTORS so THAT Al
THE Jdoinf REACH THEIR FNAL vAlues AT THE Same Time

Lp Twis STRATECY RESuULTS N SMOOTH JeINT
MOTION ,, BuT it MAY ALso RESULT |N A CROgKED
CARTESIAN PATY

FulL ciricATIo N
Yo wreticavions neesing(” TF BeTH THE TRAZECTORY

of THE €nNn eFFECTOR AND THE PATH IT TRACES 3
P WHEN MOVING am OPEN CoNTAINER OF LiawmD;

Cpiage com hesult if e accelunalion
is to L'-"'-F’!t,ﬂ .-Z-F ARe eorctonmern 4s nd
Rept o kR wrrset viewdodioe
¥ ARC WELDING, SPRAY pATNTING, CONVEYOR
“BELT TRACKING, GLuiNG, LASER CWTTVNG!
Confesiom wlredbren oavel Srraod
Rowe to ke cowtrodled M::UM brcation .



x PEOPLE CONTRAL THE mMOTION of THEIR HANKS
WHEN REACHING +OR AN OB JFEcT, AND ONLY
ConTRol_ THE ABSOLUTE POSiTIOY WHENW

MOVING THE HAND iNTD THE FinAL ]
Posinon . e

AS Soow AS TIME OR PATH CONSTRAINTS ARE APPLED
TU THE MOTMION OF THE END EFFECTDR, YELOCITY AND
ACCELERATION HAVE To BE CoNTROLLES .

WE £inD THE PATH TRACED ouT By THE END EFFeTTOR
BY SuBSTITUTING THE SERUENCE OF TofNT ANGLES INTD

THE KINEMATIC MODEL- TO CALLULATE vELou/TiEs
AMD AccElERATIONS, WE NEED KiNemATIC MoDECS oF

MANIPUATOR VELOCTY AND ACcELERATION .

FNE MOVEMENT OF HumAN HANDS INVYOLVEX
DiFEERENTIAL MOTION BASEA oN FEELABACK
FRoM BoTMH VisSton AND TOVLN SENSES.
THECE MOTIONS ARE AL3e CAL(ED v mo TTONS

o AccomoHATION'

Exameus of DiFFeRE NTTAL moTioN iN_RoRoTrc APPLICATIONS !
WRen uging o g em o Lo svounfon Al
Locokion of the escd “r, we cow ealodode Ahe

e : W.ﬁ- fvﬂ'hfn auel OUsdaliort sreecled
L place Lhe Romd on o shjeet fnmmccﬂ.’rz

P . By traviforming £ auﬁwwtudm?n
.fu-.-. Afe i spocs 4e fha Mcahu?ﬂu'fﬁ!
et , we can eliruinote the Toous e T obsebule

M“h'm "




X. Dirrerenriat Motions avd e Jacosran.

KINEMATIC TEANSFORMATIONS ps Twey REATE TO VELOCSTIES .

@ DiFFERENTIAL HOTION

FROM THE SINGE ~ANiS io S.. 0 bl d; »
RoTATION MATRess, (e 1 -de 0], 9410 o
Pef g dx J"lm Int(.'t.j;'j- O J:; i o J?nl-fg’cl;']- -l{;ﬂ i 0
& 05 sHAL. Borirue 0o o 1 00 0 4
ARbUT THE T 2, ANd _(r
T e "'—'_? = i Kk © ©
E"’"{i"d‘;} 4 4 0o ;
. o o 1 0
o 0o o 1

& THE GENERAL RoTamion: ]E’_qt[:nkgi';).?,t{aﬂ?].m tt'd;)':

! -4 J
| EheR wRar 4 o) [1 A0
r;d;+4";.1 [ijpa;) b el e s |F
O g 1} o o o {1
NEGLECTINY FECOND, AND THIRD_ ORDEE TESMS

A DiIFFERENTIAL EﬂTﬁ'ﬁmJ" ABour AN ARBITRARY VECTOR
K‘ ’E:,liz“"?}j 15 EQUIVALENT 1D THﬂEE MNEFEREWTIAL ROTATION
d:

,J“ s rr; , PBOUT THE X, 3, AND T AXES | WHERE:

d;:hm'd;- ) %:hadr;. ,Ji,:-b‘_*d;”

Ib> DlererenTifL RotAvioNs ARE INDEPENIENT OF THE ORDEES

it WHIEH THE RoTATICNS PRE FERFORMED . ( THIS comes ABouT BECAUE
OF THE MSUMPTION [0 wiisy WE IGNORE Tre sEccwmb - Awd THIRb-cRBe TERMS]

Rot Cx, oy - Rob(y,dy ) = Ry, dy ) - Red (x, %) -



DiFFERENTIAL yﬂﬂ'ﬂht ie DEF(
— _ is DEFINED fS A coMANED TRANSLATION ANMS
B T +d7T = [Taans (dx,dy, 43 ) - Ror (1€ ,49)]T .
-
Yo aTs= S_Tnnus{d:;‘i‘& a3 ) Ror (K,'AE‘) x I] g 29 i

R DIPFERENTIAL oPSRATOR,
&) D ._&_,a- J:‘ d:l: =
h = J.i_ O .._d“:._ dH = TMHh{dl,dljd-t}'RﬂT (k ldﬁ} = I j
‘di J::- o "-"Ll' '
c o o ©

Civen A HAND ConFiGURATION DESCRIBED BY A HOMOGENEOUS

raansrormpTion T, we oM DPETERMINE THE RESULS OF
ANGE TO THAT OOl Fr GURATTN

APPLYING A DiFFERENTIAL CH
sipy By premucnplying BY A i dT =4 5

BEMARES
. THE PRINCIHES oF NEFERENTIAL porroN PARE IAJEN UPON THE
ASSsPTION THAT THE NEFERENTIAL MOTTONS ARL Sriftt .

(. THE MNoTioM ©F SMALL DIFFERENTIAL Merrons is VERY APPRAPRIATY
70 DESCRIBE THE IWSTATANCETS o= :
s&p_(rERATIVELY. .

(EE. THE mpeREwTiAL poTTOM TECHAIQUE CANNET_ -

frcE BREORS .&:::uHHLA?E' fwE wE T2 caen oW TE
TRANCROR M PEoeiTS)



@ T.c JACORIAN o 8 -
o P dg{"]

: A=
THE DIFFERENTAL DISPLACEMENT T ag y - 3.9';
OF THE RABOT ARM (N TRE 2 Tu
CARTESIAN COORMNATE stACE: D = d":- > vase: Do d%
e w1 .
] DA eH o 5 49
-yl % i
tﬂ.{'ﬁ’m \ }"’-"‘r \\i :
A | L,
smge 'imians""w \ D=7 D
En6 maTRX p :

THe JACORIAN .:IaF e © -r HanipuLATOR
e — T

|5, Pee[5] D=3 Dy

HEMEILIE -

ac =

'_,.;r’ dx E-mﬂ'—f*é‘thh?j
%:f-#9'+f-ﬁ"ﬂﬂ?;




THE HANFPULATOR “FACOBIAN"

— -
—

D= Dy D> 2 &7 -59* X=J 6
‘-—p——-" i
VELOE TTES IN AnCutl VELOETIES

CARTEHAN ©ORD, N JorNT SPACE ©

i Ea-lw 3.;- J;.;Fl '-r"_q‘,::-bc-rmumg THe
EI.J Fez ;ti EEH Jus ;lli T ELRES R T

6

L

I3 :-ﬂ. Fas - O Fo [ - .55 l:t]rﬂnm:a:ﬂm-ruﬂ‘
4

i ‘}{3 gi"l H';,; Q'-“ gg'

5

%

!
?
2
f’% st ¥sz T5q
A

=1 % KNoWN EiNEMATICS
(e A MaTRIcES)
. ¥ Fes }ﬂ; oF The MARIPULATER
4  fr | ‘Fit Jez Tcy Ty p g_“_ L Y :
THIS EauATiol) it REWTIVE 10 THE ROBOT BAIE ERAME % =M.

—

] - R
- WE can Fauhley wWElL 'hl.b'-'E 1 x:u - ”"Eﬂ.!ﬂﬂ‘ﬂﬂﬂ f Jﬁuh-ﬂﬂ ;

MATRIX REWATING ToiNT VELOGITIES o |HSTANTANEOUS CARTEGAN YEWOTIES REWTHE

TO THE HARD FRAME. ' L
B H‘J is EABER T CoMPUTE THAMN g‘ f

— —
pWE EsTaBusn A KAMND TF:HH-“’“‘*H Ty Ewuﬂ:u it e pRoDuST of 37t flpaTRie

Tx Ox G P b-THF ELEMENTS OF THE HAMD FRAME “ACOBAN "

11' =| ™} o @
= ¥ ¥
H "";h Ty : 11:: ) 3 MAY BE FOUND FOR ROTARY FOINTS AT Feligh!
&

H “H H *
E b fe By . A Fe. R i
T Lo S o R i e

4 H L1 ¥
&@& —'ifr[ ; Hé}é . ;U . B@t tiﬂ_ : ETH=AI “rﬂ"_:
0 B-LH e B&HT L B?l:ﬂ t ;,..-" .T:,, - ﬁz- LA‘I 'Tl‘l.:'

WHEM pefofbqcd NS &4 mpubul oF OME oF THERS MATRTES, 5 ',_ P O i By
WE US® THE LEFT supeesctipT T2 YENCUATE TrE ripradx | TH - 0e Au Byt Ry=h
E-; .t 1__--1_-:1,,:“___ REFERs 1o THE (1, {7 TEerm woT Ta ; wimnmsmﬂi‘

ﬁ;fJTEEHﬁ 11-“— .



P I ER [ T g
18] v} erla “'1! a
[T o S SR =
£ |
| &P oot
L
By = J'Lmﬁ' _1 [
o TR
s =y A -
|= Rt Py pitg s
B E n.m{;"j PO VR A B +hnatGeh,
'H'L], = m.ﬂ.—}
B By, r ML =g | = ;
-4 <1 Sy I - S fr m—.i}-_ 3 _;: %
i % / n
o L
#
— b -'.--I-I-FI-'
rs= I'I:.-.:-ﬁ.l} . ; | ﬂ_ﬂ_ -}_. |
e 5 | s
.J'- =g S B _I'____ - : -
\ il

=
)
¥

=




