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ANNAMACHARYA UNIVERSITY

EXCELLENCE IN EDUCATION; SERVICE TO SOCIETY
(ESTD, UNDER AP PRIVATE UNIVERSITIES (ESTABLISHMENT AND REGULATION) ACT, 2016)

Title of the Course: Automation & Robotics

Category: PE
Year: 1]
Semester: I
Course Code: 24AMEC5BT
Branch/es: Mechanical Engineering
Lecture Hours Tutorial Hours Practice Hours Credits
3 0 0 3

Course Objectives:

1. To acquire basic knowledge on automation and automated flow lines in automatic manufacturing
systems.

2. To learn about the line balancing methods and automated assembly systems

To learn about the robotics and fundamentals of robots with their needs in present trend.

4. To understand robot kinematics, dynamics and to acquire knowledge on importance of trajectory
planning in robots.

5. To learn about the sensors, actuators and robot programming methods used in robots

w

Course Outcomes:

At the end of the course, the student will be able to

Summarize the concepts of an automation and automated flow lines
Analyze the line balancing methods and assembly systems
Summarize the fundamentals of Robots

Analyze the Robot kinematics, dynamics and trajectory planning
Summarize the concept of Robot actuators, sensors and applications.

uEwNE

Unit 1 Automation & Automated flow lines 09
Introduction to Automation, Need, automation principles, automation strategies, Types, Basic elements of
an automated system, levels of automation, hardware components for automation and process control.
Automated flow lines: Part transfer methods and mechanisms, types of Flow lines, flow line with/without
buffer storage- Elementary treatment

Unit 2 Assembly Systems and Line Balancing 08
The Assembly Process, Assembly Systems, Manual Assembly Lines, The Line Balancing Problem, Methods of
Line Balancing, Other ways to improve the Line Balancing, Flexible Manual Assembly Lines.

Unit 3 Introduction to Industrial Robots 08
Need for robots in Present customization, Classification, laws of robots. Robot configurations, Functional
line diagram, Degrees of Freedom, Components, common types of arms, joints, grippers.

Unit 4 Manipulator Kinematics, Dynamics & Trajectory Planning 13
Manipulator Kinematics: Homogeneous transformations as applicable to rotation and translation —

D-H notation, Forward and inverse kinematics

Manipulator dynamics: Differential transformation, Jacobians. Lagrange — Euler - Elementary treatment
Trajectory Planning: Trajectory planning and avoidance of obstacles, path planning, Skew motion, joint
integrated motion — straight line motion.



Unit 5 Robot Actuators, Sensors, Programming & Application 10

Actuators: Pneumatic, Hydraulic actuators, electric & stepper motors, comparison Position sensors —
potentiometers, resolvers, encoders — Velocity sensors, tactile sensors, Proximity sensors. Robot
applications- Assembly, Spray painting, Loading &unloading, Inspection and material handling

Prescribed Textbooks:

1. M. P. Groover, Automation, Production systems and CIM. Pearson Edu 2004. ISBN-10: 9789332572492,
ISBN-13: 978-9332572492

2. Niku Saeed B., Introduction to Robotics: Analysis, systems, Applications, PHI New Delhi. ISBN-10:
0130613096.

Reference Books:

1. M.P. Groover, Industrial Robotics. TMH 2003. ISBN-10: 007024989X

2. Saha, S.K., Introduction to Robotics, Second Edition McGraw Hill New Edition 2014. ISBN:
9789332902800

3.  FuKS, Robotics. McGraw Hill. 2014. ISBN: 9780071822282

CO-PO Mapping:

g I - S E g

S| 2 | E sgl 8 | F 3 £ @

S| & |28l & |52 8 |ss £ |88 8| g |«
Course Outcomes E £ %_*g Syl 2| 22| & z2| 2 g @ 2 2

- A 5| 55| 4

w (=) 8 w = 8 a
24AMEC5BT.1 2 2 1 1 - - - - - - - 1 1
24AMEC5BT.2 3 3 2 2 - - - - - - - 2 2
24AMEC5BT.3 2 2 1 1 - - - - - - - 1 1
24AMEC5BT.4 3 3 2 2 - - - - - - - 2 2
24AMECS5BT.5 2 2 1 1 - - - - - - - 1 1




XX PRI Y EER X ERE T RS = B

ey iy —

- o~

-

o~

~—

" # 7 W
4 ’ :

G,\ LN
FONDAMENIALS O Reeg1 < N O

- - P = o R R LT S e, AR SR e i iaL G kRS S ——— - ——a-——---———_l

(RObot: A indoggial Yobdt W A ammable. ]
noltoretional |, manipolatoy d%uan o moe matefial o

| Pdts | bools of Srdal cefices Moo Vedable Ffogmm@
mobions  Jot  tre  pelormance @ \Icmewﬁ o tarks -

| Robotics :  Robotica 16 the ait, Krbcoleﬂ_’caﬁ basad whichg__
dealA  with de&ﬁn‘ma ) qpﬂuwcg and oma Noksta

in hovon  endeaVois -

% %A an injrﬂ'iclbbc}f:l{nodfd cobject  thot  benefits

-F‘om .’“ec}ﬂfﬁﬂal eﬂﬂ‘@ 3 pediical & E lectioncal Eﬂcw )
computey Srience | b?oloard andl mnq othe  diaciplings

classification o  Rokota :

.

e cloaslication o) Yobsta 14 e
cosed  on 3 astitolm | ;
* JIRA ( Topmese Tndogfrial Rokot Assodovﬁon)

T ORA ( Robotis Tskoke o Ametia)

[ ‘.._./\,_/'H..,-'--..r\"“»

(" -Ptccafd‘vﬂa o TiRa , Robols  ate - | divided in to € clawes -
class | ¢ Mancat- H"‘“df"U eNice 1 A device with
multiple. dej“r% of feccbm +h¢;HL A actoaled

bU an opevatay -
Cclass 2 ¢ /Frxed_/ggqoenc_‘@_ Robot : A device thot FE""FG'“M*

N

P‘@C‘Eﬁfmlﬂfd U‘nd\anj (13 methed & (A |'\crfd to mod'

e ———— M

]

v Ht/ggcce,\bue sl:ma@ of a tark acce(di 15 o 1

®

i e



"1,

i\;%ﬁ’; vodiable - sequence. Yobok © T (A Aome as

Hized gequence vobok bt casy o manld
P B Plag Bock  Fokot: A horon  operatey PO e

bk mmuvd EU 1&0@1;:3 the  fopot , which

eaids Ahe polion for  ata placfbacks - The. Yobok

indotmakion

oSS 5 : purefical Conf®) Robot 1 e opefadel  Sopples
P i T

e oot with a  moVement Pfoﬂfom ~Yocther

‘ron -{f’ach‘irU 1o mnoatU . |
A- dobok wiHh he means 5 |

closs § .

ONdessatond W envivonmerH— and e ab?l‘lfg ]'-01
SUCcab.{‘-f)n:] complele o taK  despitz changes 0 ,
He- Surioniiy cordory,  unded  which it T mai
B e Rombios Tubtole of  Ameia  ((RIA) consickis,
oy 36 ctases  od kol |

© hewdty o ppr, ey owidmed 4 chsifiatey

TR A - Homlm(? deviczy wHh  manvat @ntol 1o

kele Yoo bich
e 8 - ;
jﬂ_ﬁe fotomatic  hord {‘./\U devicer, W i ()'ﬂ"_detﬁfﬂn m:{

Cﬁd@ ‘

v..!s b’

il O
e¢

-

;]

0 0 ¢

/“-\._
e

e e

Lermai Nivep

(_‘_ ,,?u

Ue
Qe

S -

)

\.



L o

PR T
2

e

—

D0 @

~~

) W _) ~ _) i

‘FEXE

——

P00

pun

iy

)-0-9 99’099

I'ﬁdl’ﬁ D -

,J«[ Ycompores - Rokot :

TaPe & 3 pvsoca"fammble_ ,  SetVo con'\'ff“olra:l. fobals  wih

—
Conftnous  of  point — 45 — ook adestones
T A pome ab "f‘dfe c ,» but WHh mqu1'Hv

t6 qc'o‘u‘ifa_ Yoformation fon 5 envioneent--

M

P e - A

(0 Madipolatey o RoveY

@ end eftectel
() Actoalots

) wepipolater mﬁnpo'ﬁ'l?ﬁ 15 He oan 190‘—“]0 of- e
MV

vobot and consists of 4re tinks , b Jowta  and

otheX  choetvial  elemends o the_ bcnb i :

& end E:P-PQCEG"‘ . TmA s Ake ot thort-
which aane:ﬁqnd

A conrectd

16 A la Joink &4 o manipolotey

hond1er  obiects , makes  connection jo other  mochines

ot Ff"-l?ﬂ'f mA e -{eqd‘l 'fEd teskA

(® Ackateis @ Actvaters ofe.  the- moscles of 4he

montpulatpy - ¢ Common 'td per, o actoatc™,  ede

ses\omoloYA |, clappey motova , PreomaHe & h'dalnrautic cyurdm_/,

Actodlols,  aqe confotled -bU Ye . conholler -




-

L) cemnors - Serdo¥d  afe.  osed B colteat tﬂ%mnhoq

abob  dhe.  nteyng) salz o 4he.  ~fobot andte
Commvm cate wrh  dhe.  oubide envivonment-
The. Yotz  oate.  often equippd  woHth rei’ﬁe*fhl
&:wd dﬂi@ aoch  ab a Vison sz«em , touich  and

(Bekile dempothA ,  Speech sUn*Hwe&fZe_g elc  which emnable !
the oot o commemica ot e oofdde word ¢
(5) contiolley comoleY  qeceivers x5 Aol fom
e ompold | contola dhe  metionr O dhe ’
actoolstaA  and ool e aptions with e |
sersovy feedbock.  information -

CP plocesmoy @ e ploteast 14 dhe.  bioin of the

e
Tobst - Tl e motiow o e vokot S
dovtE | detpvmingy,  how mxeh  end  how fFazd' eoch Joint

NSt pove.  Ap  achie. e delred.  locad©D and  apeeda
and I

i
i

|
|
|

ovettees  the.  cooidinated  actionu of Are. Cor’)ﬁ“e”ﬁ

ond  Ahe renpets -

) coMwove @ inee cdprgg of- oMuote  ore vaed

/\MN
in o okt - Tha‘d ate. -

t opetdles  ThE C@“"Paia'

® oPefoerra svgterof

Robotic stware : Tt calcolatzy nec&baﬁ\cj
eoch Joih based oa  Kremiic eyutony - okt

mnotlon "P‘

@ colteation of  Houlnen  and application , ngfm'

U



5-9°0-9°9 '9- 90

~

— e,

o= — - — - e o~

-~
\

P09000 @

) D" ) 9 9 '; D ©9-9-® - o B ) b o

.

1
Sensois ( peed beck
(ﬁrw vetmiﬁ/m&ﬁoﬂ) I
Rﬁ%l = , mﬁvc:}/ m_:mimw
Bue
—— End effedl

{'ESK Ph{? _

-

Laws of Roloot1Ch
M/“-'-’ . w/\_/'\fv

W A oot chootd ot e &
hoon A0 b2 hasma]

heran Eﬁina ox,

Wh MNaaltion , allow A&
tho ovdewt gien. By
Ucda  wh  te P

(2) A whor  must 0E2
on exaepl - en et @M
law

(z3) A ~Yobeét m VA P‘ff-”ﬁe*“ T gwn exirene  onley

w -  conficx

worth  Ash of - Accond law -




ébjec'{— Can FE{—PG{I'O in o 3’-D | Spo. 1A cp\llecl he..

I\J}tmfoe'( "o c:Eq(eeA F Lreedorn (_mF) Tos, A "ﬂald ba:l:’

—Tﬂ’« N smee .. haa ' €' pop ; . hiee ¥ positon  and

.

'[:91 mﬁn@m Tlf%e S ‘}ndﬂ:erc:len{— rno\iemeffi’hs'
Ao‘de" Alocon n 'H'l& I:etaD .—r—yau-{a

' ’m
Nz
R s
{1
! .
PRNEEVAS
Ry Te
/4
I ._
x & ‘
o I ' arerit tinea
LW hee.  Hadadorns (’ﬁ[*@zr'&) representi]

) zes 5(76&"{1‘({‘
rotona a‘oﬂa -’\hfe& padpefdicleff o '@

I Posion b dhe l:odU n Spee
| .
ﬂ‘@‘) frfee otattons  { Ry Re, R_@ whah  yepiesent

ﬁ
|

i
Oenfodion o He. zq,da N Spoce

Qﬂ@o[af meHonA Aleoot—  the e aren 5Fec‘l—P{1 the

e ma e ettt b e o - —

OO OCD OCD

e

‘o

O‘w-

D

-
Sy
g

O

- {
2% %%

<

Q o
2D




'o-e-8° 0 0 0-0' @

it

~

2-0-9-0-9-®

—

P Yy Yo o 1o Y

i,

@ D@ @

-

?

r'\ EE XA EEEREEELR

odidey an  open  Kinemotc  chain d two UNkS  oHh
evolole  JoitB  at A ad 8 ay 4w n kelew —f—’ra
The P Gink 16 comecled 4o e a"fomd b‘d a IJO‘FFH'
o A - Therefore | link } . @0 m‘\“j' Hotate  aveut ok ! ()
with Nespeek 4o Geond  and @aﬁ?w«a ore  indeperdent
Vogigbe

Lnk 2 aan <oletc.  akest oA (T2)
;r\éera]cleﬁF voriabe-

wHh Yespeet
o So

o tnK ! Coﬁﬁmwhnj arothey
ancthed  DOF -

A s concloded Hot on  open Kinematic  chain

wth ore.  end conreck’ﬂﬁ o the Uxa/rd lod o BNt 1
ond e Losthet erd d 4he  last K free oy as "
sy dﬁjfee, d- feeddom ap the nombe? ef Joimd
I the chaiD \ T is auued Hoe eoch dont Ras

oNg  one  ofF -
The ©™E A alko eual o e no of

KA 90 d4he  open Kiemabe  chain In the above ‘!}U /
Hhe  Knematic  clhain mmpdq—ﬁw Lotth :21:0}? hgg) 2 tinks & &jam?@l




¥ Robot  Toinls ;
| ‘bkd: ':S'OQI(\’E O"\e—

| (@) THeslaHom Joint-
) Linead <
{;i/&m&l{ B 014"!‘063;13” Joint-

Rotet oma) (@ Rotediod! Soink
EED sy ank
& Revow’mj B

O Uneay a8 (p-ﬁbml:"c‘— loints)
PN —

@

L(/(a) Tonsloton ot = e  ~elotve M

npot- ad  cotput ks s g  “Honaakona! Sl?c]"'a
" wotion with e aziAs o dhe 2 Nk '::ey‘j prale | |

output
- - 110K
s [ ?
Input g = -—
!'mH
Bronslatbnal

(e wl Jont i~ T 1A aldo a
|. h.*-— ey f"’]P!Jl'_ O(ﬂ’—'i d)!'PUL- l;ﬂhb aonle.

to esch other cwna
.:"/P nnk . ﬁ

i IO i

@ | ST

il -+ T o 40 g

Sl'fd?ra

pe~perdicolon |

c/J

-.Z)c;}‘

") (Q (_.' ) . my! e

‘2 9"0"0"0"0"s

~ ™

'YX EE2XE Y

(Y

L=

e

oo
U0
Jo

@

w4



t

.

@~ 9@~

’9°9®

.

p- ).'...‘.‘ D

e

@ S9C

-~ ;
N ) Sl

-~

P

—_— -

©

o999 D®

|
!

a i ’\ 1 -
-h o —-.\.I_ / 1 /4—\—\
{ - \ =

reatioml Tank = 00 PV g | G

M e~ e %
qu ROG-QOﬂS\l Joint ¥ Thia {—zdm provides o tartional ~etgqhve
PN — : . :

motion  Redpepdicolod 4o e axis 4 inp F—dand
ootpot  finks -

s oukput
Nk
(" 0=
Q-—Lf
:I.'npu{.'
1HNK

b - o | “
s M Joint - mia  Jaint  atds  IMolves ~oter! \7
Totion ot he  axia 4 wtefion s podollel 12 +Ho

oxth o e 4up UNEA

oulPot
/(, A ) Vinke
\ . é 9
J’nPui'
nnK

(D Revow‘:n@ Jot 1=  Tn  AhiA J‘UPC ol Jon+ , He oA
- r

of ‘nput Nk A pdalle] fo b od &L glotion
and  Ahe  oxis  db eotpot - 15 pevpendico loy

o +Hhe ox VA 4’.- votaton |

Q)

oukput :
\ 1Nk Jr[
\ Al =
\\___ - /
P D
Jnpol
Nk _

A7
a4




Root  confiquiafons  of  Rokot coovclinakes

N

Tere. ode o L +¢dpe)_\, . Mﬂ 2
| | Q
Y cottatinn  anfiguaon (37 e

@ C-'Uh‘ﬂd-'r?CbL C'an-Flatffq‘Hoﬂ (2P, R) b
(P spherical o potot Configriabn Rie

@ ;@" Cribcolstad  ov e o Gk el £

W costesian  configuiation | (27 ( oty oot )

0 i ¢ '

‘ ro ~
- fHeedomn - 7‘1‘3@! hove  trree pyiAmabiC Sons which
pioduces  diee.  finexd  notong  n X, Yo 2 diveatory,
Ezamples © oM Rs- | L model 15 6%)
Pdvo‘hﬁ‘-i!% W Q;j';d chuekie ar- eox frame *‘UP@_
&) High repeatobiity  with  \eas— emior

(2) Hiah toad c;me*mU c:a\\-:aci‘—lv.

—

These.  AgRe of ootz \owe Sdﬂa"@& o —{;ﬁ;dbd:tl;

c':)COC/

j'vc._..

g I
N X )

291

i

®

3288388

Lo



N

[9°978°9-'9-9-6-9

)

—

2-9°9

.

o

‘B R E RN RER R e e

——

)

7 o

X

J

PP

O,

Cfdlindwica\ Robot Cén?fﬂvforﬁon @\FRO-‘

P e e
“Theze e of-  Aokstn  hove Awo-

ond  one gyl Joit - TRo  prismatic Jorla  ghe

Pﬂ*émﬁc Jo! T

' e
"wmmqquvw%mdM%ﬁ

movermen—  ototion s P{odoagd bd the  fevolte Jowk

le
Q B i _ L2 VoW
q_pP Ny
'\

e 2 A
E20CS " 6MP wiode)

M: € H}Gh : 41@’&#&, f e ot poloteny
W Hﬁa e  toad Coorf d”@ Cﬂ\l?ld”r(j
= g sPicotton
gEDme"H(CL{ @ - SF&C
(D sphetvaal o potut COMLQP\-P

T+ 0APL O +ele.&cg19}ﬁa odm A4hat @n  be Yo

ised

o toweted okt o hofizental Fivt - 3 has 2 Telolote

Jonlh ond L pridvpic Joint -
Cxamples ©  vnimute 2000 Seties

MAKER U0

e o
-
N .I

WS




L7

M: Ul ‘H;ﬂl'ﬂ‘{ Yeoch "‘PTOT) te Ioa.b&

= Geometiia) odMﬁ? in gpec’w?khﬁoo

La!) Macf'ﬁr}& de?v QPPLFCQ"?CJ% I’E’Er:l ""%Té '{-‘de_ é

) Tonted AM (o) pcticosted Wﬁ?

Tn AN asticolated  1obotay Joita - ate
A0 homon amy . cmese. aie the.  pefhaps
Commen CC’”—Hacfrci’rFO% Jor  induthial kot

Examples ! chncinnat  milacyan T ( Model 776 )-Yobg

Heyolute , Similerf

| 4he

Mot

SchARA~(setective ompliance” ﬁmwﬁﬁviﬂo&f; 'ﬂw@

sl

—

pe C/ff.,l

o 2D
4

@ ¢

&)
€

D

@6

)

-ID ..::\ ;“Il o~
(.

il

—
b

2 QO Q¢

Q0 O¢QC

C O O

¢

(N B N B B B N N B N N N N W N B N N N N I N N N

o -~.. - T
KC 7 v s v O O

"
—



Ny

) _)D

]
\

ey A—
) o ).. -,

A
(

—-— — - — p—— P

CRCRE R R R e Rt

ET S S

- —

p—

e

© @

o

W R

-

-

Feblontoles :

(0 wighe! feach —fom the b2 |
LD ool i prfios  poth  qEet™”
'Rﬁ'*m? ard  afe “flcurq'

3 Reqchms, e cmested  Smon openinff

cfPP‘P‘C‘d i quv_
wrtheot ?M«'Pe\rén@ i W

@[‘e-(enCe fﬁa\% s—

S -

There. o Hviee _l.fd% & 1&?&"20& —F‘faﬂ'ff_'}
atkvboted Jo 4he. kot Skocteies

) Bore efeterce fame (o) woitd defetente  Ppae

@ Bk Aefevence —frame. |
!

@ 1z vefegence frome. . |

Base Refeence ~fiame :-

PN e — e

The-  bapic %o §f oml z. oxes one e thiee

Q%"’F*‘f& M*'ﬁ@b@ﬁbﬁ&l”&md{r{or{ﬂh

akbort-  Ahe z-axtA wdra o e need 41 HHe quﬁCbHOOr

Thas 186 He  onvevaad -{e.{fevfenca ’%T&"ﬂf’_

B ——

.

i —— e 1




—ttg,

:yz)m*’ Rej(\exefte -Pfxne -

Te ,@e_,{m aoen de,pmd ot~ de. doﬂfi& of-
e okt e, Colled  the quU veferere —F—'fO\'T"C"—_‘
e Joink Con  hove koth TFows todﬂ‘fU and  ~oladt oﬂcf‘\'

ot~ Liyed

Too,, Reference. e 1

”‘hus s the ocat Hame. of- "‘rﬂfv&‘fen(e dé(llft’cf

bt] ’fh@cm:ea at —Prf_mfﬂ bp of M“rofsoE h:mel

1

Tﬁe_ ’ctF‘ cf (fp,@_ ‘tEoFl 'fd‘efeme_ "F%mg_ 2N Tﬂ!qfe-oo ’hi’ ’H‘EL

bare. 'fePaence %ama by e ‘Fr‘ana&»whhon ql e Ccafdﬂ‘n%g

/,_/——,_q-

Z <

0"0°0

~—
- b\-—:

oo 0

o
L

Yo

2%




-0

39

ol ol wl = B ®

>

o

N -

& Im

X ju I

P .

P2 @

-*3 L

e

2 O @ P @

9

2 A ‘ I J @
“ =X | I ” Rl ]

/\ ” ll" . 5 o 18] o>’ i L ¥

T <t -—— S e S R e i S i S ke AR i i W R TS -----‘ - ; ]

=== )
' Rokok chatactevishics :- | |
i AN :I

M—— - . .
The- -—Ponomina ale  the  chawolleistics f  fobot N
O g lcod = Nu}? E ;
(&) Reach = e ’\6}
(B) precision \Q#;\l "
() Re!;ech‘b]ﬁ i . C

O Py lﬁ = _
Ry ood W6 e pEght okt @n o
and  ofn Aempin  WHHIN it othel  cpificationd

ft  exawple | o dokot's mdimom  load mmaifv i |
moch |od3£f tan s eecfied &\afoad, bot Q-f'l the oo
1o accoiotes oo ot Jotow 1A Totended

hove exconie defledion -

ke

path o\czwafélv o m{(j
D Reach :-—
Reoch 16 Ahe mocimurl  distance o ~Nokst  <coan
: ncton |
weoch ki B wodk  envelops - Reoch 16 o Ao |
[? v N ) t
of- e oot's  Jont lenﬂ'fﬁb andl T3 Con.{ltamquﬂ
(B precision :— el
e s

"ne
F

Piecfr/_;.on 15 d@P{naﬂ ab  how Qccmo{ElU A spec \Q,c,d
ot an ke deoched - s 15 a oeheD  of e sesofen

of e actatoia  as> well ab 1tz -Péaalbac:‘r« devices - Moat

ndosial  (obstE  can heve  peecigion of oest inch oy e |
(#)  Rereatebiiity i- ' '
""‘MNRer/m%ab?frt-%/ 15 how acc-ﬁq‘rerd —the  Aqme. %H.fm
:'ruf&ql z@:::?e %;ll :he%ﬂ;:ﬁor; 5 gepaiad ,b aony Hmes ‘Tﬁei
( TePaated motion s e fiﬂ:}f—abﬂg :

PN
=)
| & - o . z




ﬂammﬁ Modes 1 — !
A Fwammm'ina modes  ode

Q) P*’U&a:xt setop-

S8 V] ’Tﬁm,Uh of Teach mode

' contious  walk - Thieugh  mecke

) Softupde Mok -

_.___;_________’_,____-‘
and  od stops  tat @ohol e mobion  of e tokok .

™is wode 5 opned alofty WD olhe(  devices |, swch 25

piogfanmalote Loa?c aofolets  ( PLC)

(3 tad Trixgh  of Taxch mode: Gn. dpis mode , dhe obetld

IO e moed  with o tgpoh prdbnt - wohen  dhe detied
Lot on ona otentaton  |»  ochieved , He tecation A enleved

dhe. jots o e Aome loatons & ovientatond -
[
3 oo i . In 4A mode . ait Hhe yobots
S vHil STy A B P
Norts  ove noved g‘imul‘lan.ajw_\,t\rj, whie 42 motion 1A cbOHmU:‘t
SomPled  and  tecvded by the e :Doﬁ«J s =E R
e oxact mobon Hot was  decrided  ib execotad

W Softuwede mode 1 1n Apis mode |, = plogiam  is  wiitien

L

okf -V o on-fine  and  jA  erecsted oy the crirolied
Yo Coniol e ppbions -

ol

@) Pbdb':ca.l Setop:  En Abis mode, oan ool Aels op guitchg

N do the  gkoner - txﬁ‘mj pravknch, 4he  conkotey  win Mol

-

w -
e e

C

&

Yo \,.;{__

.

CW

o QO
® 06

> O ¢
@ 8

o
U
U@




5-0°0

— s & —
i ey )‘“,._

J0°909

D 9C¢

@G

C ¢ BT BN R RE RE

W

986068006000 00000

i
H.:i\l'aﬂ-f& d‘_ Rd:ot- ‘« — ;
i

Rokobics  and - autemation can, in rmnrﬂ stiations , ”mcieabe,;
,a:ocmwhq : San"U . edbich ercy qml’rra onoL m’.gﬁm\c’ ;
RokBlE  con wotK 10 hazericsos  enYifonmenls Wit +he
feed  Jot e soppoit . comfsit of concexn el aa@e—q
Rokols mead vo  envianmental  comfort  such ab !tah%"a,
ol @nd?fc:n‘ma . yenlilodion & roue piotaction -

Rosls  pik @ﬂhm'a ot e,,cfm;m,,@ ,Fﬂl_;a{ﬁ .
RokdE  have_ arefeqﬁbte_ pecigion ot at times onlew

'H"‘”a haprens  to  them -

KobdlE  aon Le  much move Qccufcjb_' fﬁ-m humné;(.

Rolpls and  thex accoboties  and  Aensdh  Can  have
Capab’uﬁ{—?&b lceaond Hol=  of- huomana -
RokblE  con ploas  MOtHPE stmoli o tapks  simo riwaxz(vj .

Robals  ptate.  homan Weonkeds cweaﬁv o —

problems soch ar  |opt  aaledies  gnd Social pioblemg
soch  ay  dirsatisfoction  and  Aesentment amorg wotkes

Roleta laeK éeqf?mlmlf*@‘ B  Afespona (723 m‘fﬁeﬁm%




%

Db advonteges : -
& RokslE  lack Gafzzb'i{'rw 5 epnd m emal fes , onley
e siteaton s FfeAjc?Pecl & the pe. tnotluded
Vi dbe 3115{'59 .
LF“ﬁU lack  darison - rna\ﬁ‘lrU fower(

°  RoBE  ove. castty v 4o indial st o egupment,
ontalodion  gash |, eed st Refipherals 'Fa"r)ir@ and -
Pfoa'famm?na . -

Applications - o Rokots 1~
__,-‘/\M

P N T

- ”

1 wotesiot '}anomrﬁ ol madhine lcpc“'v &z‘ onlcnd'ir@, 3
Tn bk oppliation ;| ~the ~okot' S —Pujeﬁob 8 4o
move- mﬁﬁ;ab: of poils —me e, tocedion  ia e woikeet
5 cone.  oret lecodion
rofa astagory inctdes  spok e
and bt opesortionds in which

i to mfﬁ?‘)ld?b‘ a teol

+

®  procrd applicrtion s -
Y add ;,\;ecolﬁqj . gFfaU [b\'f{ﬂ:?na
the  boncfon b dhe  Hokok |
{5 zo\c:cornp!féb Some mo\n&{}a@vﬁﬂo pocars 1N the. wotkcel|
®  Anvem blvr al  rspeetion - Roksls  ore vied '10.-

j@gpgc{—'ioo obaly moke . vie

a}.Ae,mb[a ofzzrf&ﬁdﬂis -
o meere O(cmlﬁa chadoalefi 41

4 henssis O Joo9e a
o monufactvied — produet -

wr

POV IS Y

20, -
070 (

—
]

0~ 0~0

3.0
O

-
~

0D

)
oo

00 00




o B W ¥ ;&7’ )

® W

— e P
'
J8-9.

@

¢ W e o W=

9

®®

D09

> @

e

® @

LN - 0 @
END EFF ECTORS

End EF-Pech\l- :
s RS

oot 4o RHrm o sredfic task . g i pome-times

.

fn  End efedler A a  deviee fhat attaches do dhe

W1 At of e dokot oM  ard embles  the ae.rE‘fQT A R

L]

1’6&'{‘{6& "ta as e 1’0}_—0& bqﬂd .

T of e ellectos -

——

end eqﬁ,‘ﬁec'ro-'(é Con ke oY l‘d

d{vic’&i n o

‘oo Coiéfaoﬁié.
0 GRS
(@ Teols -
W IGlr{iéFE'f'é ; . _— | |
| eriiprets  ole the end Ie-F»Pecb% m@:l —ho T%F

ond  pold e okt o oK pett Ahd ofe o 2

moved. L,.J Moz ¢ Bl
85 pat 'mﬂc\ﬁna app’llaxho-'g. -,ncluclmﬂ mae.h{fe loacrlfg
R ana U"‘lm&iﬂa [ PtC’K!/ﬁ F)cw'g "‘%dm C‘Oﬂve&r{/ﬁ &

miaﬂﬂ‘}nﬂ F\'ﬁg on 1 a F’G“(’l"

| GrpREtA oy e  wechani @l 7-{%# rﬂ deviceA .
N‘&af&ﬁa carﬁppefé . suehon copd a(  othel means -PG'f hal ’:7%
the  obiecls i

PRty e clawfied in o Awo TRy [
Q) 5‘1031& 9vippre {
(2) _pove qippey - |




Eﬂa jf'P?f* c

In s*male eﬂdiﬁE'T o2 Tabp’rﬂa dewnice 1D
movitted on - Ahe: Robot |5 | wreist
oua ) ae |
P - ' AE%C%
A devble ca-ﬁppg»( hab 410 Tﬂbﬁ“a
oy handle_
and  abtpaked o e wits ancd s sed +0
tuwn  pepeiate objects - e Two cd-ﬁppma .dewCeb @n ke
actvaled: 1nAapencJeﬂ%1d A /_Specﬁqua wnedl Aot
machme lmd‘“d and UﬂlOodVU applications .
(& Tools :- oy T
o qred o pertfero
Tools ove endefle &lots d‘%"j :

jothet  dhan 16 Tabf’ 1S ‘ By

WK 0N fre P
’WFE ond ellect . ia  artackedl o

defidtion, he ool

+he. yobot'A st
st T‘EPFE"% I R hotd ~4oolss %
oo - ppvha podld becaue

bd e “60*504? "i”ﬁnﬂ

AJne ok "“feqd“eb sovetal | {00y
to be mﬂﬁpulcﬂfzd

;ﬂ 0 : ' Lt di{dtevent-

! —.
L. FE

D3

e wak cdcte_- ‘

X 3('/(

G0 o
® 9 ¢ ¢

J

L,.r(

3 Q. C
(.

_
-
(.

€

C QO O Q 20 O 0O & ¢ O ¢
PR R R XYY

0@



g

—

5

+he —Fiﬂae'fgs ~sotale  aboot Pixed

-
P
2| “oritppeY Mechanismb
3 e — ;
H Thete ofe \br1oUA u):\vé 0{1_ clardt _,P,J?rv . a
z’;_: ‘ﬂ'ﬁPFE"'A and e ol ’ eeslonds
. ,n;'; Th@f{-_’, avé. cla)\&p-—'ed in 40
1 : | 0 o )
-~ . -
s l') '(t:ll *tﬁ e : b meﬂ-l—
i_’i\ A’CCD rﬂ 'Hafa O‘F_ F‘P’ifT | ! “ﬁE:l
Q) [~ fﬂppe’\' ’ .
i . : . . d 40
B @ Ao o te e o viematic. device  Lse
‘ﬁ oactoate e ,{!{f\?ef movement -
e Ly 9vipRe
‘J Y movemeft u,:e:t by I
(ﬁ v Accofcl"‘ﬂ 1 Are trdpa a{l 4«7’ j |
,ﬂ Q) Pwo’dﬂa Move ment ' : « AT ;
s G‘IJ Lineat O trransl adtonat rno\!»em&'ﬂ'E
= ) ﬂ{_ - .
@ Pvoting  moveme ﬂ\\q
{0 n’bVemert{‘ ;
{r,!- An ""'he P'[YOF(U
f:J
-

l

6 opd and  clowe -

o ’ -

- A met1oN 1A U&qud 5 |

& Mcmvpi%}‘ed b‘d dor@ K af ﬁnk‘aﬂg F?cJ ~ep's p’nio‘c'mj t4pe |

‘@ R 7 ? |

L nechalarnd . | of I_PmJer{A : |

| _ ;

i

K i
T

@ i

B \. ]




N NNNNENNNN———— B —

—~

By toend 10 Banslakionl owereot ;

Tn A2 fioaar movement , the -{‘-’qﬂaaib

orN o  cloce bd rm"""j 'sh qulqnel

@ Acco{o"ﬂj fo e Ay o KineroH dexice

1 [

Yo oactuae e $rﬂm moverent

O Likege actuation

(1) Cam aotoodon
(F) - Cleed o ack o\cr"w'ﬁo?
o seew ook i
| (v) = Rere anct P

e

[ =

+0 ach otheY - hs 5 accwfﬁéhaﬂi
By maand af- cauide 4 of ﬂtﬁd’i
wAYS s - edch -Pinae'f b
aliaes atoﬂa QA c:doid'a ~aiy civn"a
acluation . Tpia 1A cecomplia e Y ..

na hnkeqe  wmch mwfd | /
A o v
CTICUITES pogeis i e peciatel fig vep's  linea mofion
otentation  to  guch  othed dm?no o\effnﬁgo. of- 4—*’135"‘23-

Urec

s i ('_'”" c-‘J

48

o

e,
C

e-¢ f|



-~

P d -
i~ .

L,

p-oCelele- -9 9 9 @

— e,

e

— - —~—

-

X X E Y Y Y Y Y I

-~

-

D

() t.'mkaiz acknton .
——

n Imae aCPU“{"""ES

-{1]? . Some [

The hm%g Qo\—tﬁﬂwd Ccoveid a Wik 'b'a"?& of- d@rio

| o octusts e oy A ctaaf(j f *Ha

| Tiﬂ’e“f © e aesign of e finkege Alevrines o> Ahe |

wnpok Jotce Fo. 6t gTIPRT Gy corvetled a0 e ;

‘JT].PP'Mj Aorce Fa appiiesd by the. -(l‘m?cm _ |
The ﬁnkﬁg Con-ﬁjmqﬁm alsoe e tewines |

boeid: pofede - e TEﬂz’f - ﬁv"fji'fc S wil oo and lr\:»mctl_;,cr:y
aO’f’Cfa—E &

AN

He j-rlpfef it

! =7 O T e . e i e 1t g e S e . e o e e




(2 cam ackualion :

e com ackesled ey inclodes o Vafﬁdd &
poipte d@b?ﬁ% A cam  and fetoweY  erorfRmen;
oPlen s o Seng lonckd doiopy |, con  provide. e
0(22(1'1(‘:3 ana\ doé’ma action c»{l e 7( ri?Pé’ir .

Ex:  voesent of e am In ore Apve elion cootd 4‘0@
e qaee? Jo open whie dhe  mevemed- o <o
c - co) [ d *Q "H'& ) —l—(_') .
in OPFU#’)"‘_& odArechH Blee>. s g,_‘rra
ice A2 CJ{{ pre{ +o Close -
N s ) .
'Pdvaﬂ@fje‘» . epdn odtuadion w0 ld o\ec'frmfiq'(f AP ferod]
B P‘ a : | ’
gized  EAE - | »
(@ G ad  Rack aatusbion o
A — pp— e A~ |
' sotuation  mettod  of-

qotuore—'r{a the oty He s,
f{c:\oK' can_[liﬂwqibf) . -the.  tack vecrf wootd. ke obtachd
16 «a P\},dm of Some othet  mechaniamg, - that «ootd

o‘%?ﬂ(

IR S T
OO

—

@
O 0

o
S0

00

Q0

eo

/e
SO




2o8Ce
{

pfo\ﬁolé. o lireay © mofton « mgVe«Eﬂ’r' o He ~Nock

20790970979 9"

0
A
<

;f oL avve.  Hoo »Fb.dHC\t ??n?oo ﬂa::rf-b ansl —H’Q‘Q
, woold  inton opeon qh‘d' a.!o..gg—Hﬁ _P}nazus

S cauvde Nai)

) ® 0D _f.‘;) B
3

»

|

e aeew i fomed by o molo ol “C"""W’""-‘i
bt’ A gpeed feductton mechaniam . when He  Sovéw A i
@] lated in one dr‘”‘&dqmr thin  coosen a Aéaded block

O o ke ’FO«Ylﬂq’&d n one. dr“{E’QHOf) - bohen S Scieq_) IA

[ € :
| @ ‘dtated  in +e opr/y#c c:ln’é’chcm , Ahe 'Hﬁeaded Hock

] = SCIEE e T e N e D O

.w’- Ry L R : @




moves . Ahe. offoare.  dvection. . - qre . Aeecded.  block
is 0 e cporecled o AR adern s, o
Covse. Are crrlerponslifg ;OPen"{«‘J, ond cm&na ; oeHon

(8 'R and pote oetuotion =
N — ‘/M

Rore. ancl puuea mechorismt,  can b2 ol%iared
o oped oand  clore o mechonmicad ﬂrﬁpp@( - Becavse. op_“
e mabre o fee  wechnitad L one Join  of- tendion)

icen mus— ke osad b oppse Ae apfion of e

N
1

P

oPe- ot ar(cﬂ in -—H'e_ ﬂ)ue:d ,5,%@0 . , -
one.  drecton

——

Ee:  The Ft)lEq éﬂ&m it opeiala., 10
+o o he. cq‘ﬁﬂ:ey ool e dendlon . device wootd
toke. UP- Ahe. steeih T He o O ard- Cloke_ e

ﬂﬂﬂe{ when  the  pot leq b‘dé{-em ofesfeiiad, - M e OF PosHe.

t{ection -

Mechon !CQJL E 7( - ) ) »

A mechaniad ﬁﬁﬂ%’-’f s an ende-P.(-‘eo%e?(

SLLN mneohemcal. ,p_inrJg{A mhﬂ*ﬁd— jza a mechansm
’['0 i]-fabP (90’) Ok\lee’f‘ Tha ,[l( SofrE ‘E‘% C_o\t(e!-'i al |

*

Tows e ”“’ﬁjcm’fﬂ@*— Sith e obied

e ,pmaem m evHrE{ aHo\ePEGL o |
-{'he/ mechn‘ﬂ%% o on '”4‘36{"!1 [’oﬂ«{— a[‘— -'H”E mﬂ:hanfésra’) -

0 Q
030 <

22D

S

b ol
O

-

o0

J
O

;D ;F’} (:\ ¢ T,
o0 'JOQ O“‘DOL‘"’

%Qou (

i

-




D90

9 0799020 9>

—

D &

» PG

b

-,

"XCW 2 AT )

-

&

i

'_ e we of- '{efvlacnbfe \_-Pinamé attowd —Pe~( oo

ana- iﬂlemg;wﬂg sl fH’U

Tifnpe'“i—a
/\/_\/——/‘ i

idechongabiity  featere I

pn exanple.  of - thd
Wodiaked N 4he  akove Jigee in " wnieh the-  griepet A
debﬂred +o — '-Pﬂfr(-é - W‘J‘na
Tha’ Lection of-" e Tﬁp’:‘\g'{ aef:__lvmﬁsro |
some. Jon o pwer  intok - (A —He_wﬁkﬂti) m

the. c]«mr"ifj achot  of- e fwgera  egatnst PR

Sim » : '.i

s

4o

Roth
ele ale 2 wagh o cgnﬂﬁ,r):ra

e pth 0

Q i Prvdbjcui CWOO of e

- gzt width N -H’E./

,ﬁnje{/b -
Qm EU r—%‘i@’rtfm .WQ"? g '_pf;fﬁe"\’—é

el . Wt eth .




i

i

| @ gy, fiction Hwo e qarn(éj;"& T ged WK Path

. ' et gpe path Hhin the

—‘ﬁf?{’-& i | Ndﬂ’\ PO\'H: :

A\
aft ot et
0 eg ,
A A foges
o\ = ;0

- qopred

’ ST o '(rpmq dinged™ 'e,pglaée
T gmis  applach o e " + ki ~

the pih - te Hme €L
. wolion  of m_W'
Toia s e oot

et /- —Hwef&'bd mﬁﬁ@ e

mgcaﬁwplféhggl !oa‘. deé'fjr)?fa

ern Ao ke, (n dhe.

e bty orclecas” TS
. c.!'. ‘~._= b . Y, {"’6 . -rhr{_,_ ﬂeom'e—hy L O
qppfo:i'.flf\ﬂ"ti /b\‘mpe a(l, \

Tre. m{d,' md of- hotarmd He - 16 b(‘j
e, b work Fath < wikb

plalfor)  betadeen ,.ﬁrﬁm o
. iz, 14

4his  apploach  Hee ;P?naems -muA—F QPPIU A
sobficiesr o¢ —iction o ki the  Rib  against-

ontonel |

30y
00
Y~

»

.
l\-c

Y D
070" 0




)

8082

92309000089

90

Je e Ju I

—
b

NN N R E N N KN B

> 6

$66 ¢

(R ¥

@

©

dwna +H hﬂle”ffﬁ' Paﬂrfm QP +he _mﬂ’\cUﬂa :

5 B }'Fjl

r il
co-eff of- ~tichon,.

'oolo

Toe —F—?ﬂaej’«.‘s o Pedh atteckel

YO the ﬁsn::Jer,f,_g which ~ ma¥e lcwrfsxa{—
wHh e port- e C’fm;m”d Boft

* conlmcnna ,.P‘inie"f Sloce - T aldo ce(ves

A LLT T ==

‘W PAE

Cpotr gifeee o0 Scrfakch’ma oY OtreY c:la\mﬁe :
e | pickion  methed Ca Mtdiﬂj
|

ﬂ'iav'rtj accelefotn tanU othey  Jolce Aot m?a'm— ov1e.

’ . He
e coofficen of  _fickion ‘belwen e P and |
‘ 4o P-fo'tE_,C" the_

e ot

irfew(@ n o e cafﬂFi?ca@ and ..-H'E"(e..Fg{e_  he qum’i

| ( .
| Cand  lends ﬁ'é&w&*ﬂ

lead ewx,l:\efwr‘l 2

| de&?an A
~Jeale Va(ﬁe‘L“v of- woY

adaplable . & a0

|w= _

e

{ . .
®

K pls -

e e L P B

|
|
|

CAhis  dends 5 InCkwe




s @er%mverrk o= %cﬁm tof e —hnaarr
" ' Corrhd’ aviface. o\aa‘“lf” e ot brtfac |
Mos o o galechy FE
- Fa = é’thPfe’{'_ force - |

“THiA  equaton would apPty Wwen +the e of
‘a'fo\\fﬂ‘{] A Arected: fmqner 1o e @fﬂﬂﬂkﬂa agtfoces .
. P he.  foye '@T&?nﬂ .\@ P e R ook
fﬂﬂe we_nah‘“ of-

, |

* e’ /Fm\:F% 38 el ”fm"?
~H'P— aboeeF %ar) e

Wnerle- ﬁ.- e ﬂ-l‘ao%ﬂf Ly

- —

T o
“The- (ﬂ .(lsd’rﬁ{ &
aﬂcl qcce{e'quCff’ £ S I S //f,..—(’f

/

3 :-F— m d%?_te-{owi'ron —Pefce_ A qpptYecl n A
Mne chreGH‘ oy ub +he «a»cqm@ -Fs«té
e qccel@gﬁ'qﬂ 18 appred in " appEARE
Arechen 40 CJTQVHU b .

= 922 I e saplewion W opffed TN a  herizontal

d; ’Yee’ﬁt?ﬂ . @ 3{0"{;*3 w :

=7 9=

-

ACJ‘“(

wen e cz:rmb‘!ﬂédL erﬁféei— oft Towﬂv.

Uo

¢'9)
o
Qo
Q@

‘%O '




=

— - -

)9

)

pa—

Y 2 _ -

o,

-~
el

« 3 Jr

P &

®

Y X

=
L

Nogrebic st
Maaneﬁc atipp=is e a Jeasite means  of- ’W\d"‘ﬂ

oo Jf“dF’C?b . Thz;d ove :
0 eecko mcdnei— jﬁ’w’
(D perfrnent- manek ‘jﬁ"f@(
- IE bpt
mnen,l—m ne: C: j‘ﬁPFE{- ]

r A".{\:lr% h

—
AR cofindey| e
“C““_;?f_e_: -
— el
A WA bl ohe
il’" R i : ..,«" . : 22, izl P'G(I"

oecs oo 5 &0 O ®®

for Mot

Feraret rmﬁréfl‘: have  the qfimhﬁ

of ot {eqomrv N  exleim) poweY LonGe to OFeﬁ‘E
e woqet-Tese ate ofen  consikted  dor bodil)
Tabls o Vozodcbor,  envinoament fe@w““'j explodion Fm#i

apprictos . e Jock ek o eleial  Sedit 15_\1




_ A W
neee\eo\ 0 olcefarl’a? e . mﬂne!’ S secvces -{—hi '
" c;lanﬁe:\( ; a{‘/ Y=\ vahich .r‘ﬁ?ht Calde. iﬂn't«@f? e

Aveh "ah"usian?ﬁoq L

(ﬁ)—*Eled‘@ mognetie ff:jﬂ'f’j, =

!

M -
* - L - - .
. "
- - >
L ' -~

-_'TTPpef‘fA e eaafgf & il

fredto mocareH’c—

bﬂ’)d'ej Yequte o o of Do pyoeY

.- ~ P * i = - E Ed&;
apPOPHART  contol ot o O s eapiel ™ A0 -

~eleare  <the pectt q{/—H’P_ enal G’F’ ~the hqnc:lﬁf)a N

cyele wiHh etecﬂ%mﬁnegc, caﬂ[J{-E'{ _and alsd
ealSed AT occomplish  With an etea"‘_fﬂrf’vﬂn@-t— TS

—

wth  per anet— maﬂné‘f' "

- (‘]Q
®

™ 1:) ™,

b
[ N
r 4 . '

e
P

S,
'J Q.
®

““a s “@"s"

e

)
i1
®

{




-9

3

D '®-®-

e

@

o~

o — -

o~

D9 9Ce 9 090

® @

‘@

ANontages o «‘ﬁn,e‘rf‘; mppe'f :

® pick 0P HmeA e vean Last—

o vahations i paftSize.  can R tolefated - e qripRY
s M- bae o ke claiged  for one  porticol

Wl Pad“t - |
’fhe_ﬁ hve  abl 1'ﬁ-U o hansdte retadl  pRt wHb
e e 0”1(7 e ot ax (Jﬂ HD?’U '

’U'aeJ e ©
DLMA A w‘vfﬂ_reia ?EPPZY :

6 he fericlua) mataré'fém temained 10 e

W»U cavte. A prolclyl.am _‘-n. éubéea{oe% Fnﬂd*‘”‘a»

woTKpiez.

®  Jhe Powble Side  Slippge ol otheY  evvoyy |

mh?cb im=  the  precision - AhA  meona @P

lﬂo\ﬂdﬁ‘g . | | |

- 'i‘ha Pmbtenr) C{L 'P;CK'?"; of cmldi one.  sheet- |
’ﬁ'wﬂ A Stack .
preomatic griPpes -

e prevelic gAY is equipped

Nolte!  membtane_ c«dﬁﬁck"{ wrh o —{olhrﬁ motion '(‘S—P[G\C"@

whh |

ConvenHomat  pisten cUu‘m’eY- e moton 1A Fam&n"”rﬂd

to grippet %f@ffd_\. by means of level mechaniam 4‘




J

5

JY—.—- F?noejré

. levey
mechanp iAm)

' Rotied repba® a
cﬂﬁnclﬂ- ey ‘ .

T‘he, jﬂPPc’:”A de_ - octosted bJ AWMMJ.

Jawes  in —H\a cieott + e -ij“( sore. A

" etk | bd encl PN fo‘( e woikplete ke

(a-{\"PPed . IF‘E__ ﬂ_ﬂ et n('] —&—{Ce_ 7S Chﬁfm\ﬂ@

o e peme d ar a o e

[e_\’erfoae_ ’

0-0~0"0 0

‘“DO'

My

30 \.J,JO

%0

%

2835888868868%%6%%%%%%%%

00!




ria

- .
.‘. )

P

P2

666

79 19070 - 900009

|
!
!
|
|
|

X X W N

n which o 4ool 74

¢ . 3 cleé’i e fo
end effealn B @ 7“?}?”( Aot— B . qed

qiasf  and  hacdle  the ool The earon foy
o&n@ a aﬁPP&Y N Ahere.  applicotionA G Abet
the. e Le Mo than O Aol fo ke

wed by the Yooob— 0 the w::'fKCﬁcle- The
e d A arippy fewih e oL fo e
CKchonaecaL Aerl -the CdCler and  Hhui
i “this motkttea ) kandl‘i(j Lenotion

mnfppomcg ., ~the_ ’l’Od( ;_'3

A Yobot appliasfigy

adteched. ety do Ape okt il
TR Ahese  capen e tool
of- Hoola vded an endeflectoy
inctode

s e endelde
Some. E>xcomp les

N ~Nobot- aPPliceH onA

o copt wetdn tools
e Aflc wei\ali’nj taveh




Y

o Sy Pa‘in-ﬁﬂa Nozzle.

¢ Botaktng * gpiaces . oY O‘E‘mﬁo,% Soeh ad

“0%0%0y

rA
epey

‘. . c\.{nﬁnj )
1 od Qat}ﬁ
- w‘ | B ’ N
® » B{UA})'I‘ B l
we. : }
i - ™
o ﬂirfnd:r‘ra‘ N '
. . N - " 1 W '
. . i Py .ol -
o e Jer  cobny o '« Tren *
- B 2
- . - ' }
ot < v . - - i
[ ! H )
t- oo
. L 1 o
: b
- 1 - o :
. L 1';‘ y
g“ § 1 ! - L '
-~
= v - .
. - - LY
i - f
"1 {1 ¢
¥ } <
t 1
~ - '_’;.\; =~

a
r
i’

0% D

“

o 0% 0

A}
L) :
O

RS E6E666666600680883B5



[ nﬁ_m\ccﬂf_?cm_
Sk UHY

Lo IO L M cw.ﬂa Jopad e
CP\A“UO. ° m% gﬁﬁ.ﬁx e | ‘ .
qusm | D«_ » . OO
I% »%GU— i | | ?Ou | (e PP
Gnadord oo M3 | tr ; S e e
bt SW*U, ® .MEQWQ.E. b i\&\ .
- P,__mcsa . L xadTOno . D

| P..ﬁ_,n.;
1% £bbkm .

_qg%&w%wu&m
: MF& = Ve SO

[ >l
dwg) 3 PR o sayew Do

| @ .
| PP Uk | papuey 29

VoD HORAS ubyr | Jo LQuowdo oy pd oy

BT I W

| wa | & hoonep
QF@T S\: ﬁzwnc&. yof oV
[oivaoIw e —je R <pad
|- AuwepipT ° .
W (.ﬁ,wt@ Y- oy
pamed o B | S s
Al
ropp MM | 3 —_— D&. il
" =" . xR
il Lopre =15
L uu_.go_%px._m E0- B P | o, s
L e P._m_ SR T
b wmpoypas 7 TN 0 oe
ek BE@ (SO0 B 00 AL o
ML ..uu_,m\u&m._ co%MHo -
=741 =3 P i _ AT.‘ 2es
ppoibo e ol qeerP B pad  ue ous

© pWVIP 3 oueerd Ummiea copoly il
Pl umgowm.__r%é%&qme ’

%tp%,

|
g e R S s [ po———y
e s epauuoniu3 ¥ dolpired ; POMN05 _ womepad | e

) 000 0 0 0-0-0-0-0 % @& heﬁqwﬂﬂm e S, _amqm‘. 00 0 5% 69099

o ) Ul
5 y

-’




yﬁnpfop@ﬁoo@p@@@@@@@ 3232239889984
g._ | &

ﬂﬁmwﬂ»m TR RO : ' ' PR . oo o
sl T \._m._. “ oeﬂ?@uﬁ . Cedenwo
T -

ﬁ . .. mﬁc; -H\cmc&% .m.cs QEP&. coxooﬂmv gmm 0 o .
| L e Q@P_dr P ey T S FvopDiddo ' Coub ansaae
I X Tt i il T N S
p , A e | o .
g\gﬁﬁ d__s &auf at Decnos” mwﬁ. AP O IYP o s T

CEGK&Q ® PE@ | oHoRaS
SO omcm v&\ . OF, ke - o E@ s .
\ j N/ P:oou ﬂmur& °: DE@@ & lwm.pm . ,.&6:4,;0,8__. °

. B E\o\ﬁvﬁ TN ndcﬁ\.%mi., °. | _. ’ gﬁt ’
Asboe sep womw | g BB gl Lugsul  coiovy
“ D\ﬁgo& DAY e | tep 1@:@ L_om:, 1&,.% oppeweud 5 - 0 O jueyey ¢

PN ey e

Uoloeies WeXxd UoHoR|os LKD) VOIS _MZM..A_M UoHRR)EE (PR

T L LA




@

—
—

iy
-

9

29D

-

—— o

29D B

—

—

- =
" )

®®

dﬁ
®
Y
®
({®
@ ]
@
@
‘@ ]
U1
)

Retation |
3x3 |
e m
" '
EE
-~

o ek vedls
in  AHrce  dmensiona!

s

2z

W
whete @ =" w -

W is A 'bmmj

A veclor  con

‘# a ,-[_-‘W[_\mm{:’goﬂ -

Sy L el

Hansforoned

. tansf: rodioN 46 olwow ’P'IA"’J N M( K
Tre o < 5 3 =
, . B = e ol 10 T o
Vectaa "M A %z ' ety
- - \Uf cl'”@cﬁm Qﬂf_‘l c "N He L 2
b I

w e e E

el

Lex i

Le epieseded

2 ahedel ol oo

i bv e Colomn

ooz

b= 3(10 B -

el

Aot

tad o1 10&kd in sk L

m r
Te AHonaformakion 15 ocaapi st

wsEnce. e el V00

ot U by e fovouiny ofeiden

Fol

|
?

|

!
i

[




(7 j'we_n b\7

ne T (o o)

10 0 &

1)

o t ob

“F ool &y

M L)

o o © 14 .
Po@!j’or) @‘ﬂ o Yedot .' ak;xﬁ— eah OP e e omeh IU
arale_ ‘6’  on ke occpwplidhed EU slafion FaMDration .

F"' o O,'Ol ST

ook He soois R (%08) = | ) s s o

o Sng CAS O

O a a ]
. _

g (oS o0 gGing g -
Aot e Yroxis R (v®) = | 0 o 4
| fs?fzé' 0o @8
t 0 o 0 ‘
Abook- e zeoomds gL g) = [ (oke —SE o 0
‘ ge- @s o o
0 o Lo
6 o o t |

0

Q@

—

o
O

SRR
’)O;DOO

~0




e )

,....-)
"I‘
.

« I Ba ¥

'r
bt

®

D@

-
b

283D

2 ®

b

ﬁ‘d¢ o-ofchmtes o 4 pyiok ,mfo:-l—'we to  ne  elerence
—Pmma eyl -{6{’5&0\‘1 “%am& ah  Yiewed o X ~ oot

T dhes  above fpfjwﬁ ke can e Ahot—
e vawe.  of Pz . cbes ot Chq(ae’ ar e '_‘P?o\{ﬂe_
"‘(0‘5{@) aboot— tHe X —as o tHe Voluer °{l P? amy

Pz do cha P
r?% Px = Po

PY = 1o

p, i — fa siw

PZ = ig»—fﬁ\zf
= P gme -+ fadss
which in e m"f’?lut " oy
Px_ I ! o @. 6] rr)
P ‘J = 6 CoAp —3sns o
Fo_ 0 oine (e 2

. S




e e Rl e G . At S i R AU

e e e e et

| (ot Yects() p

Lt

This ooy Aot ATE ovoridinates 4 e R
mGtécg "%a.rng_ oA e

di
bd He Yolabioo T ah Ahoon -’m?af +he_ Coof

0 dhe

n C;Fe‘fﬁﬂce' %rrﬂ

ik welatioo a2 ® O""J fot o pAe <olatton

oot e X-ocads

g e e —fome 1

deroted %

= Rt ('x*'.é) K P‘ﬁ@q

“U P:tvdz, =

ot (gte) X Pra,

Pryz = ast (ze8) X Prpg
R@'{' (T{ é’) = \ :
0 ce
[ O g G| -~
Ret (Y6) = & 9 sé
O U o
'—5& s} C%
8% @& p
g 9 )

.@U

ndl

QU

m’cmolH Pl 5!‘# ~®
N

GO

Co



-
N

7o (O
o

o5, P

-

-

99 -9

o~
by

929

928"

-9

s

o
e
©
i
®
|
®
™

)

,"& rentation qo_ TR

pepresen lation & o e Fomsladon .
Z A "
p
/\o

‘P{j P pne Wanbla!bo n A -

| Y a chex in s
' ) ‘ ’f’t’la%fﬂxﬁon il
iy mation 15 a PE _ |
odentation , e oo I
‘ e o d=x ,
K o | o =9
o o l Nz :»

- 0 o O | ‘
Az of o pic
L\)}E"{e, dDC ' dU P dz ove "‘P"ﬁ— ,‘,h{ef._::_ C'D'TﬂR:fE (d |
e

—_— L) ,1___ - Q rl.
"@r&%to&fion vedlo a ~elahve to .foP_ ¢ 4 axEh |
of e seLeence ~Frame |

FO\d = f\H Od O\U Rj




R,

Frew = Tomw (c‘—x,- dfj vz ) B Fot | rj;u
-\ I
: & a P {}
F e & & . 8 d:r_—\ Ban. O 9% ( ®
w = o Y
o | o C"‘J & o = b i
o © ' dz n, oz 9= fz @
o o o '\J L 0o o g ! . tl{"‘
o
= Noc.  Ooc Gy Pxt CIIQ'_ '—\ (LU
A& Yo & O 14
- mj o'd q:j F(lf AU (.]_‘:u
b o0z Gz Pzt92 rt_zu
fo ¥
. o O Ia
L
- . bost on  otd @
* pre Hotation A [
R@P‘ﬂ&bﬁﬂ talhm c:{‘— s |

! e - e Qﬁ, 5 .o toested ot e OU
Gk e stale ‘r*m’abOU
== o Yol |
teforence —frame (—z,Ur‘Z«) = o9
X - axis - Hre  eferene. o9
(W
o ocked to e Tdt&ﬁ’\f)
3 i a e P e pfy E e

_ ~ 3o )
rﬁa\m& Ln _'t\e,(enac_:_ fdhlrﬂ& Qﬂd . Fo Pq i'f)u
g€ U@

’ ogbOU‘f' “4e.

QE&O aMUTrE- : .




« e e o B

¢ B¢ I

-
L,

2P OODOOSID®DH

-

I
[

ONYT- W
5 @
RoBST KINEMATICS
Fowodd  and  TJnvewe Kiremat' s Rdcvb
AN AR K i
fc& k‘.?c- i (
rrm}’g 1
preeck
S kinemotic |
Modet rf
PR O o
Ub.} \
i Teink | Tt link ‘*; Foditton &
( domstets “oventation of
l Vod?r';flez; ‘ Por £ aMasis [
Tnvetse l i
KinemoticA |
PodometaA _ |

Fowand  Kinematias

e

thculaﬁna 4he  poAHion  and stientation ol

| e hand o the  Tobol- By Hﬂa{o'iﬂj dhe.  link

le
Qoﬁfdzan?‘ A HKrow) g %wd Hinemcﬁ’é'é

tena+h and. :
. L
Toverse  ematia : ;
A

Fp the postHon and.  ovientation -

-,'he_- "Dﬂd, OF the ”(Db(ﬁt ode Ko ) s +hen e _

oo cia\lculakak 2
terging, &0 Jolets o <

s % Tvee Wiemalics  of o vobst - rjl

ok @




- OU
: 3 F(’l A® |
| Q o
Foiwad  TFonslomations o a2 poF Am s- )
: -
we. con detoymine. Ahe.  psition - the end o He | O
| A
oo in  uwoild SR 'ﬂ(-j de-l‘—?ﬂ"ﬂa o vectey  dord ~@
fae | ond  orotrer Jev  UAK 2 O
| A®
A T J
For st tink ¢ / AERY @
| O®
= ("TC‘%S_[ Ly ané,}—-(}) o0
Fol Second tHink e
e
2= (e s (er+6éa) 00
e > 0o
Ly ain (&Lt 62)
2 ain J——@ | oo
Thﬁ_ r Cu
akove  veateYA oaddHion oQ_Q) &e @ Ufe[d_&, e Ce
Coodals = and Y d e end I the oam ce
PWO!:' Pw N LOO"HC{ s & |
- Q@
| ¢ SF T CQ‘BG'[ ~+—Lg @A [ &+ 81) ..._-r@) Ju
| U
1= Lo Sifay & Lo on, (atdeg) - g
| 1 | -9
Revet 5 e Mj?_ O'ﬂ a ZPOF ' U@
o e Ly | Yo
he. need Ado e dhe Joint- Q“ﬂl@ | e
i
Ahe. a‘i\p_ enad  odm Pufs}’f;oﬂ in Woid 2R :[Qu
| O
| T




¥ = da
9.9

-
-

209

-
Nag

-

¢« Ly Jw

~J

—
-

2

e eseees60000

.

92909

X EX X

?

_| bl

A 79— = i Lch* &) + sinme,) e L_gQ_ K cagf“ (m¢ﬁi)>

Cob (htB) > Cobh 4B ~ sin A 5B

sn (At8) = gin A conB+ cosft Sing

= Laers la b (&1t 69)

q_ ’ :
r '.:(L-[ (g + La (ar (6('{'6"2/2_]2

2
= LJQ_CQ?—GI + k2 %2(61461)

+ 2 bLtta e - C"b(éi_-{-&g)
Teder *

g 9 . 0 2
1T7= Lising + &2 s'ﬂl(ewe:) + 2 Ljls sﬁmﬁrs‘"fﬁl*@

4+ gin” L{_}L& ea) + 2Lila N Ccatetftﬁi) f

a2 LyLe Sine sin (et &g) -

r

"
= P a wd e agialles C"?L“*&)/’ @
sin ey - Qﬂ(&%&i))

0 - - o |
L I it LzL—t 901 Le L@@qr(@ﬁtﬁz)) _

9
?Ql"\'TL#: £ —ELz,Lt 9 | ¢ Le Cﬂé&i

hpgtel Dty |

ALty -




fon § ~{lz

Yin (&700; ’Toﬂﬂ,

Ton o, = Lo gineg

i e

L ~+ LR_COE)G*Q

T (B-x) - Tonp —Tanx

L 4 Tan ‘Ta\n)ﬁ}

L. =

LetLg Ch8a (@] ]
— e 9
‘L 4/ tg sinéa. Lﬂ(mJ e
. = Qe
Lyt Le @62 T
— Lag einGa « O
Tan & — y F L Y Cc&ea] B <
h ) e | U@
— 4) + ( Lasiméd}
X C L+Lg Cob8 2 - QP
\——////’._7 e : _/’// QQ..J
= l—5n - o
C@a\ég—-f 6-%_ o :
Sin By |t ~o
in p=s — g ¥ :
gin@i o Jo
’ g ifu
» (e Q#‘ Sinég . m;ﬁ% Ue




f":T Fosuandal
~

e)
N The Posrtion o A2 oﬁa'fn A o —tame. q’c’raalrec,l

t6 o gid Loy e afokef}m o heedom -

(_'? The —Pﬂitow'ma ofe. He Mb'il“lﬁeé —R?-( Y Poaiton

(J'| mmbk&

o @ cogtarian LLLL.) ¢ od 1natss

9 v cdnndfﬁcmtﬁl.rﬂ) casvd inates
(9 (® cphe cal L;Q.O Cootdinoted
ﬂf

@ ghaed pgem | eee) cosidirates

@

©® @ codtmrion cootd neles e

ﬂ e T W _ a \inead M Neme.

g n thia *'dtf& e, -

® | areées Hene.  atl octtaldr  ode

ﬁ QLC}(’ﬂ 2 m:}O'f rﬁp— Ly ‘d“}z—-

. » of o 1ineay rowet sgr{e@

S vnaod ( aal ok A, L-,Ud,(wuc <am

. (7 -- Al 1 the. 3 amop
; g \ingad Jo! 9

- oC@mpl?Ahed bd mmma

L) . 0 o0 Px

-~ RTp = Toat o U o P

nr g To ( Pz

. RTp — ’Tio\nb-l}mrrm{-}on o) o o ! o

o o ‘ond p




-

cafletian Translotmation ' UL

QD‘R M
1 ] -

AL o

W) chfindient

welwdes  Awpe  linsed %E\ab[aﬁong; ol o2

o

“ig = T‘"—a‘(ﬁf"(ci) »

—

o
O

KTe

> M= ’Téﬂl

cooddindld -+ The ey

! o o0 O

b o O

0

-
~—

v A

LOOOI

-

S

SR )
tmcgfﬂc?,f ngcirlnaJ@ U&em
#olaten

O o.i) Ro*:LZrd )"ft“ran;, ("_f.o:o') .
t - '

cxx —SA ©O0 ”[oo*‘gj
Cet O O o LoD
&) O t O o o L0
s} o o | k/oool*
—Se. o0 dCx
Cel 0 T8x
O l J/
O o | |
—

)@QG D‘@ O@ \D(BO ® 1

=
S

QOO0 OO CCTC LT OO0 — ®) OO <
L\n&g B EB S EEEEEIPISPPBEDDE® T ® S 600




|

PP )

—_ -
.-

39

299

0 PDOD@®

X

(© cpietionl  candmales

Rip

(o) = ot () @t (¥18) s loor)
. s

|

cN =S¥ © o cp O SB o |\ o 00 *

<A cY o 6 L O o o \ oo r

o) o) | _g - > o o \' 1 ‘

0 0 o ! OE o cf l 4 90 3

f

Tgph _ cg e R g v =B &N ;

cg.sﬁ o gﬁ.sq 455;.93 |

-—SF; o Cﬁ %C? ;

o 5 o) ' ..

‘2-/‘\ !
A0

|




| Wit be 18 Wak tne Arome.

- FOAWION v Few  commtonN Qam'}fax,(qﬁom s -

»¥

(D P;“{’c!culd'@ cocn’d‘im@ :

ﬁYQCdlo.‘(Ed 'Sobo"(z CaMiE'l g Anice votationd , —he

moliE.  teptesentotion ,Po-( Ahs
DR ~eplerentortion . \

Liacossed. 10

Fooerd.  and | Tvese. Kinemedic Egquationd | :%“ oien{edon:
e dnd . Y o~ PN v
“The. mo\!‘tnfd '@romg aHtha’ o e tond of- the

B o desved poaHPE0 J::u!— A

tome o ot b "'0
decred - “Tre next 75'(EP

ot hay QHEOO‘(T‘ ﬁ‘oveol
AR pdatet 1o b  ~velorence

ofientation ofred -ton  whot- A
aPP‘OPﬁO\!@(d

achieve o desieved oredliion  withoot dmxﬂm@d ars

(@ Ron, pitch , Yaw (RP\O o«ﬁ@
L) eoley o\na \ex
) Asbcotatad JontiZ

I

in mdar(*ts '

&6




-
s

e 09 9

Ja 8 s

I 4

e

-
-y

-
"

® o

XX

>

©)

L g0 N

A N : : a[L - Hrfee “Co’(bd‘i% abedt-
Th 1 o Apguence

. which — wih m%rﬂBJQ
CUT{E:ﬂJ(- '5\ t6 {'ﬁ axed 16‘5@*\{61@ J A

deired ovienlotion -

-+heﬂl'mnd c;[i%erfabét B a- | |
iy R o Bede el o, o dtdedr ‘eﬁrﬂ&

o He ~elfererce. Aome  and  thua z

h pedalie)
sdedsdion - s e fAOS & +he ~efeven

b‘i@ﬁe the  RPY movemeN— ¢ * i émlaF
: TN pane AT
k o oA c:;,\_\\\iﬁﬂ mentredt |
Q- o  — Rkt :

: e
p- fich — (o . el hefaenlat Ry oo
¥~ tow { ® -

TP Ane  cures MoV —Pewre
ane.  Minat sventodton 4‘;

Vel 'fhr#t- e

N s WO fbw\c)

5 rel Rollel o

Ahe. eleence $ame. then

e honal  win ke A pabimtion  d- e Pyl ouA

otientaton

= =




b

Rototion  of @, okt dhe G oxiA . L
[ % owis o mo¥ig Pore] —
oo 4 g, cbwt We 5 et
| [ Nectlh of moW. Pome] —
potokion o g, ekt e T oxfa
| | [ = -oxfs o mcwma Pmrref\ m

s¥Tentaton

PHCb

e ol depeentodion - Ane ep

I

wir be

et { Py P01 B0) = ot ( A G) Rk (o, ga). . Bt (180

"’C_¢O\‘ ~S@a, oo - ﬁ’ Céo .0 Sfo 6 jl 6 o §

- S¢pa Coa ©0 o L\ ° o0 {}|° Cgn "PnD

o o 'O -Sgs © P O || O Stn Hnd

- o o o | o o) s 1 \Lo o © |

.. , o _

CPaCPo ngg?ﬁog?nﬁqu N C BqS B P tefen a

] S04¢@a S, S@oSPn-t C¢,Cen .'5{50\9?50%0 = CaStn o
~ 5% @ %n CPsPn O
© © o [

300

.

DO
OOQ;;OOOQO

B




.
g
3

e,

D DD 9V 9880708

-,
S

d

9660001

> &

("

e 09

U:Q Eulet 'Pt"lal&!s .
girr;lla\"{ 16 FRPY . ’E&CE[D-F 'H'DJ.—-%

tex one vl rr
il aﬂ? cd Ave  cuvent o-octid

tre last  olertton ba  mlss  okeob

—_ Qz adls o the
mowﬁﬂa %ﬁm&) E

Rotadion of § akeot” He @ oxih

estption  of €. ekag te T ooods ~ (N amis of Hhe
| mo\flﬂa ’Fame_)

Roteton @ v okt e & —axis ~ 7z oxis dae

.

st #oime. potoctn |
Yon O’F ?b . _ ~ - ((D aw}— _‘C_f\_-eotié
aloput— He_ E._ oot A |

To  max  teplesentton o Ahe  eolev av\gte_

O'fleﬂ'b\ﬁon' -g_u\e'f ( & .6 (p) = Rek Ca,@) [20&: (o, &) %(GLP)

i

cg -2 oo] [ Cg © % o cp —SP 9) |

- 5 O
© ¢ 106 —S¢ o0 C& O " s I B |




-~

11

C€5C6 CLP ¢ ¢ —cgcasp-spey S | O
595 C&qu + Q?g g?y -“5?.66850 _tc?éd?b s;ge,—, | ol
TSy . gesyp’ e o,
© 'O o) I‘y
Fotioded  ondd  Trvedse  Kinempbic gw@.,a% Doy ‘
Postlon  one) dfen'{akpn

O{L Ao P‘ﬁe.cecﬁﬂa QcUlJO«‘H

e wamT —&Pﬂe&nﬁfﬁ
andl  otientoton g tha o2t ba

e Dol tecedon

Yol “The, Nobot— A4 mode c{l

ond  RpY set of- T &

2°Q

combiratop

o .o lesian
R TGM&({QX) P{—’tf RP'\{( ¢q,¢olgnj
i ~sgC Cogt
{ ‘0 o P Cfﬁqcﬂﬁo c?ﬁqsiﬁ 05?5 n SF‘ @0 qﬁ;ij;@; o'\
(z (:J ' c: EU § S¢q Céo g ¢0\S¢OS¢D—E C?f’qc;én S¢Q\S¢oc¢n" O
z v : - X |
IR I S¢ Cd. < cd o sgnm
- 5 © PoSt n A .
o S . . . ' ‘
- O a
B

»)
@
o

Ty 0

-

YO DO DD
CO0O000O0C0

9 Q

QO3
O G O

OQ OO0
©C O0O0CO0

8

GO




=

209

929

0199

o .
-

Yo

B W

e

a ) :') .‘*:)

un

i

o
1]
@

\

C¢QC¢0 Cgsngbog@so—-SpQ Ctpn C¢q5¢oc¢n+ S¢QS¢0 PQ:_V-\
SPally  SpaPoSPot Py SPuSBo P FaStn T
—sg, BoStn cpocgn | f2

(@] O ' = -/

)

N

I dhe robot 4 derigned based - oNn Stp}\&ffiCq_,{ (Po,g‘.ﬁa,r'
coodinotes, ond  Evley angles (ssientation)

Ry = Top, (50 019) & E0ter (Fr8:%)

=" opl (zf V) Ret C\,o, g) Tam (o0%) Eoter (9"5’%)

C.ﬁ-cg - gﬁ.cQ Yep 'Cgc:ec(,p-s?bsy “CﬁCtSSP'SPCf CPpse 10

ca »
B'SY o SBrsy  Fepeed SPCGCP{-C?S? “Spcesptcpp  Spse

g -0 'l
SP ¢ * “p - Secp Secy e
_ O o 8] |

O o) @

The. “F“Wd and  Mvegae RiremoH oy SoloH onA

for  Mme  aues  oe ot devebped  heve  wine man

Siffexent combimotion ale  pomi b€
’lnzskeacﬁ n cmnFﬁCaﬁCﬂ clﬁbiam : Hhe- perowit — Ho{*h”beﬁ

e peretetion (PN ve_cmmeﬂded '




DENAIT- HARTENBERS Rggﬂezzrrhﬁoo ef  foswend I_{merr;;\—ﬁ c
Eouations o Roborts
(o) moder g mepiceotarn

Vit Hmv
; Lo Wnes  and
s a  Vewy sumPle_/ B mocleting  Tokota

1Quiodion
Jots -ﬂ—af— con ke sl ot a0y “okot C"”‘P‘a

ﬁﬂoﬂdtdb o 'tz ;&Woence; ot Kﬁ”olp”"\'d '

I on oo ke U&d&o@{:ﬁegfm—
exh a» <odlsion’, aﬂund-ﬂeal ge‘neﬂcqﬁ

Fransbemation

0 Qﬂy como\“mci‘{'az
\
Eotex gp Rg}l TL can e viesl _(fe-r dqﬁ@gﬁh’fm F ay

: g PNkl
sevorols  odicdatad - TOBTE ( ‘ScARA sobsts ot Qﬂd
jots el ks

Combinations ol _ - it
IR Lo S A
t LSO“M' (_L_D '.,"35':0}-;{

)
—
Ly
Ay
- R
M

Z'O

) \00

88888%%

Aat

95

020

J’O —

o~

(oh's

~

D
g, W e
00

%

L

-
O

o 0




TERPRY

P — o
B

@9 P .

o

P
N

DD

A~

6 f‘) ) {.

560

Te above figre shws o par of- adiacet inF3,
ks (3-1)  ond tnk L, dhely andociated.  Join(a ,

Goindks  (T-D . ' and (14) oad  azes Ci- i) and

AL veapectively -
wrth  Yespect—  to Prame. ﬁ?r—i} ond  frame -i'}j
dhe Loy o poiomelza  avize - f’ﬂqu ofe

W TFwe tink F‘“’faméﬁwé Loﬂ P IE

@) o Soink  prfameteis (_Lcurm)
|

(o) %lﬂ\(ﬁ): pistance reasuied. q[ona x,-—cm?ﬁl%
Loy e point o iberteckion o xy—ozis with l

Ziy ols 4o e m‘ica’m of —fome. VY -U;’bkc?—/\

| Pad

) pak Twisk (%D Argle.  betwmen  ziy and 2o

Mﬂ"-—-—_m

mearvied. oot R axis W the fﬁ?falfﬁ* hand  4enre

@  gont+ Diatence Lcl’u) . Diatonce meaned qlmna
P T To—

fF—

Ahe nbgvsection o Xh—oohA WHN Zigoxis G

& Font ﬂfﬂi%\((gm)\ ‘Pv'jl{’_ between %Ki and X

axes  Measwied a_l;:wr#- Hhe  Zi- axiA N Ahe
s_--"-_-\\‘

—ﬂﬂh" L’\O\ﬂd W ; =

= v ~ - | @LfSet
Zy_, oxiA ~rom  HE- o“ﬂfd'nﬂ of- —Fﬁlrnc S;'”';l[ 4o Jiﬁtf



)

2 2t

of- fomwe it ' erme_;\;x

comsip— o DeA  kamC anslowmations  as

n rotedion obeot- 23 ot A bU an a(ﬁ@_ 6;

[ ) 7 e =
Tanslabon Gl@fﬁ Zh oxih laU Aixten :

Tronslotion by chaace  qf awry 5

Q@G&:‘Oﬂ EU GAx ,U"’ULQ A\ aboul X axiA




9

—
-

N

J¢ = % s I

r 2o %2 Y&

2

™

A AR E R

Azt T (218 ggae (12 Rov (1)
go

@

-

I--l

—
—

\

\

T

= T (o) T () Tmt“‘f)ﬁo(:')

(¢ -Sgoo)[ro 00 \[too Qi
56 o7 oo 0O too o L oo
o ® I o o o) diflooloO
Lo | R o o o | o 00
L 0 o} |J | 5 |
[coi —se; o 0\ [ 1 e o ar
o o Udiff o s e«
_ © g © tji.@®&. ‘B ©
Ce; - 56er0< ll 56; Sa{; q‘ Ce( _\
36, L ‘
é‘l Cﬁg C"(i "'_Ce'l 84(] q; S&;
’ = ooy di
- O T o l
_f:;:;
‘ L Of e s & QLS '.
- .'-.
S B R e = |
8 < S i:
|.: o II'
L e ® & 1 l

t: O
o L
0 S«
o (6]

Q0
€y

$h LAt

o Or\
Sy O
cA) O

o !

i

S8

PR

T Treew—




§

__ il

(’:_"-1 vO Y . \ \ I"-,'.-‘ ‘ -t."\: .‘ s |
“ e N (‘:?#
SRR N
_ ) )
SCARD Robot (1) ScaRh wedpldley Kigmabios (4 eo¥ ) | 9
Gald ©
The.  scarn modpolatsd, B a - w?dztd ated  indugfial @
o

ook Jor membua opfrfé{fm '!
. A%Bandlr !

)
]

i) | it B TS

'( w( ._,xlc -‘,,J(‘ ,(_

I
e
2

p £ i S o o L,\:

T?_
.,,, / \\\§ ,\\:;23 |[ . “\ %_{{'T _ T
K s 4 V% 0" %_ﬂp - _. _! ‘ - Btifnk 3

B
e N
(&

Lig
0
® ¢

ALY

- INLRR S
W ]
v

!
; ) .

ImK o

0O
O®




)

-

820

o,
.

P b i s vt

s J¢ T Mo o B

e

y Xe Je

9

e

s

299

Ly )

Lu S

LRSQ__
(s
|

A




-

l,f -

e 3

LY

g Cy -""SL o Luc| "\
= = Cy o L3y
o o 1 by
L 0 o o) .
0T .
Le

[ 9 22 0 L9 (e o o0
co C3 0 Lasg o -l 0
O o 4 0o o 0O <d s
L o o o tJ Lo o o i
; -

._glg 6] 0'\ .

“c:,t . .

S

'(:.b CS. - E_J K

Lo o tlye, 7
@ La2Sr Lug
— - Lr‘)_’{'d_g "‘L-‘-f

e

o

4&

u‘ “‘

- e .
T P




29
>

T —
*) -
sy

-
et

atandoxd  voni pulortsy Kiernetics -

WEEREEEEI Iis B l» ok
§.
2
Q
R‘v
>
(7,8

T 1 EE——— -:)'"o"‘m,,

' i
Tomnt ATIAD xS 2

500
c

i ars - A o i e 1 i 0 P i i N i A i




kX | o «(3 A 0;
! © 4o O - 6,
o © 1 2| e
2 5 5 da .
T © 0 0 ‘9
) o a0 f
o @5‘
& o o Ls O

J@@@G&&ﬁ@?%@@%

333

£
@




n 2
. 02)
.. I ey

B on = e o Ey 0 273 © 3Ty - s ST,

0

) B 0 Sa O—W

o 0 T2, o <% b “2

0 T (8) = | € l 8 1To( &) S9g © ~C3 O
- Sy 0 ¢ 0

| o ~t 0o ° ,

®

% 0 G & <y O
AEIONE o o 3T, (8 - |
o B a
‘0 o o | dg o -t o O '
9 o o O I ) 0o o |

@

N

‘.,

e | 45 (&3) |55 3 5"%(56):( ¢¢ =S¢ ool |
{0

o6 ¢ 00

({‘ — O o 0 lJ L = Z ' Lg

® o o o

® " e

tCe. =5, Crey  —3lg

@ Ty &y S Sy Qlg |
(@ ~52 o Cg o |
® | L. 1O 0 o) ( !

S ———— i - e = e e




-

ey ealy €56

= S1 54 C556
— 1825556
—¢y ca B4 S¢

~ 95 Q?C‘-Lfsé

—"gt C‘RCQCSC'S

) '*Clsl{cgc—é

— 3 8955 5¢

1l

~S1¢g 8,56

T"‘ C‘ a]_e Sé

S_‘?aq, 5 Ce,
—Cq 5 C, ‘

+ Sq S S

~csS6 85 sle )
-se%¢ -% -Xlg
Lg o ©
o o | U
e Ca0yCs 58 C 20 ag LZ\
4+ 8184953 C1eaCls  ~g 2ySile |
+ 82955 - —S%455  +4e(83Csle
—C e 8y % T 8als +e;geds —~
-3, c,_r Ce S L2
~5eg %456
SrealySe St Calsylshe
—C,; 8, CsS
(=4 :Q, re ey 8s -+ QSySslg
J S -+ 285 ¢l
t+ 38152556 + ©8a 0 1S9 Csl]
+ G 8y ds
TSN S s ey
* ceyCe )
S2.% 05 820y S5 —S2CSsle
+ ¢ 85 Sg + oy T gl
—~+ %994 C¢ 7 Cada
o )
o

973

86888222

_J

-
-

R

\.;b QO CI’OQO Z)O 30 DOC)(y,

~ ~
oo

p"

2%

O

56868666

o e
G o

{




“h\
d

9°9°9-

—

(9 <

-

2099 @

w—

"-

29 99 0 9 9

'|I

Y\U OU
n, 0,
L 9 o

l Qe dQLP\

oT
a = i
9 %
o) ()

ob'ma 4he_ diect—  kiremattc Mede ( rpe—( e

horme. be_‘;lﬁoo 5

Oy o
n (@]
g: %9 1
' o Az o
L e
o: o (&) (
!
!

\f

T L e e e e e e i e i -







=)

-

X T}
9

2999

235

o,

3¢ N

~~

—
-y

D

D

) UNYT - v ' @
il feieot 101 @otiont 18 vetocities

N\

qucob'lcm d a Rokot

ﬁb’l’éﬂ):
e Jucbad iS A 'féf"ese”taﬁm 4 e ﬂ@ﬂﬂﬁj

o e clements  of a wechaoiso 10 time . Tt avews e

! . A c A duat |
- A , o wolios oY velecrties L ind |
| conveidion  of Aifferento |

iofts 18 dArfferential motions oY velocrtiea of- Po'ﬁ_{l aP
Jond

. )\lcnbét—l-,li(iab(ﬁr“'&:) /

‘U = i‘ Srnﬁ + Lo sun( 01—%6&) | )461
A

dxg = —4 Sing) doy — 12 Sin (e1+62) \ //
o (det*de’) Me. | N

o Rg‘ A (&({-69) Cdet'fd@

alcdg = {1, wpe, de,)

r"q . A ﬁfDOF p!orm ﬂ“*f‘rf‘cr‘-"{;ﬁ
v

= | | N E
B | _ ~Risi oy — e Sin (eiien) _yy sin(ev€s) | [dﬁr \
o - o
Je X b0 A Aats (o He_-Q L s (61-4€ s
! “‘ ‘ " / l
'Df-P— Pe*e"'*q' ) | Jacokian mﬁir "~ piffesential
= -i o/ i mebion O—P
nmﬁoﬁ \ |
# " " Jouils |
ot B "




soppore. W & 18 for a et of  equotiom v,

Veables

o\‘—o\}f%ﬁf”

e

v = ,‘;:(':U; 23 %3, — - =~ RJ)

: ()
‘ AiPerenta) cham, ©
The Al pexental QhanT i Ay for a it ‘% «U

~: A

3y = o ge

i
31}

The. above  gyoattonh

CDogo ah

o

20y
Ty
Sto.
al
2

|
<

§V1J

=

%3

l .

(o7
A
o
9| O/ Q’\
\sf\% X

4+ o
o2

can B2

\h"'ﬂ'

Slg___'f‘ a = o= a‘r-’- Sxd'

x)

Sk — = ut dﬁl Szﬁ

31)

xX)

Sy + r—*"*’aﬁm SE]

RZ3

' aaHz

-9

o

o
e



)

-9

—

-,

~

‘o 9-®

)

K

5%

o

e09

—

"

\ A N

3

)99 -

UNIT =Y. 0
DYNAMIC ANALYSIS & FoRCES
e -
Lo\aqfomgian W 3
Laav{anaiqq veckanics b karad  on  the

diffettiodon  of e enetqy Tewn  wih  vespect 10
te Sdgfém‘s VodiableA ond +ime . ff SnPle Cassh W
iy take onpt T v 4his  techiiqe a0 Nedleniad

mechan \ea incleared Laa{anjiaﬂ

tssopiet  ab Ahe CamFle’f*U

OAE A o

; S
PrCCa(cs\Vﬂ 1 Newlons 290

E_,mm 01";\'4
s & -8
i e
m;d’ ~— F"'“'t] v—*‘[') ' \V/
LS il 4 (mg)
dt
= d 4 é},:md'?‘) K= Lov |
ETT ) U ' ]
= ! .
at \qg |
"-: ; cﬁ
it

| ¥




L

-

“The. m@faﬂgiqn |

R E

Cox)

e defired o

s T e ST e A S

ag

L =

T

. mé"

a 4 ak) =

= 4dK

-

o 2
& ™ — ™9y
, ‘“‘d ¥ B
(D)

—

Ay
Hmc\:l'
. Ap
a9

_,‘(3) -

- F.Lmq

Pjgﬁé? c‘:‘dA

———

O (ALY = pFofoL :
ot ‘“;'g’)’— F_l——a‘g‘) )

et e TEE RS = IS R e

e |
O
)

% .
A
2 0

O ,DOJOQ()QO

Q
O O

-~ T
‘kb.) ‘

oD %




8

-
-

D -9

-

P

v} ¥ T

$ 0660666000000V 2DDBDG

p S

D9 9199 1

\!

1 @
L
| 0%
[ h‘*‘*“"*’;}'
7z
Vb mety [

d‘xfclt\-]r Az
' 3
dre hand atand am Yy 27 aTeS and Sz 8y %%
. ' r . m{a
e eserits A2 C{.&k«eoﬁﬁi‘ (otations o Ahe
qlm’\a L g Y- ond 7. axeh -
TJacoba” jelales e haividal Toﬁ?@
| : ian A
mobiony g ovel At mechodian  motions “Jo.cobla
(o}
oo
e 1615@60 e CaUAE_ ant —+e_ effifﬂﬂdb maam
Vcﬁa wrh  tee




- v
pHfexential  motions of o tame : ' |
AN o~

ST A

The  Dffeenfial  moftons  off o fame @n ke
.l divided 1 b e .‘,.-Pouaco‘wa.,
« Diffeertal  THamlations
* piffeental  Aotations
| ¢ Differental Hansfeimation, .

M Ohlerential “THanslaton :

cl'rPPer{enHal Fanstet1o? y B %
fr g

) ,.!r B2
e, € &ome_ ot d('HE ¥a
7 da ;dz') :

“Thud

a
"fepie&ﬂ_t'efﬂl bd Tm( o
has ecJ a a i Meventiol C’lfmb’ > O”G “E.
fiome MoV - i
thnee  oxes o a..
» © & &
g v X\i % ) B
L (® pidfenential @totion . o0
\ 4 i ~otation
A ol‘«P-PevfenHﬂ‘ dation b a small
t
| +he_
GP e »Pq e o R T ?ereiomq wepiex ed b«d
ame.. X rit

yotated

dhe. —heme.
Rot (K» de-) which  maanh Hhort—

an onare
|

| ey cHfieerts yolations,  abmob  the
= ‘dr e ares afe. de-P—FﬂEd bﬁ Sir S‘J qﬁcl SZ

'*té’bféd“eu

£ de ak:auP' oan  axth K-

e ———

=)

) (3 (Q (/

"‘}H‘f::, A
¢ €

AEXYXERNXEKX

-,
F i

-"\ h

0

@
Ok
;Q_i -
0@
09
0e
e
=X 4



L B BN I Be B¢ Ko R B I Jo N Be o Je B

3
X - &
’ Rot LII Sx) - -
! 0 © O
) CoSSx -Sn§x B
0 &n8x  (oASx
o @] O |
gince et Aotatons  a@ Amal we can LA
~P0now‘ma appioxi tions
S Sx = §x
&os s = |
t 0 o o 1

Rt (Y S5) -

{ e Std o
O o

"SU o i @
O o o }




b e e e T TTIDIIAT e e = E,)O
2) = : |
j ket L Zy S - CsS Sz —sin8z o o t ()O
: . e
snde- . eEsm 00 0
}] o] o I o i Po
. o o a c
| J RS
) 1 — I
. t -8z o o ;
i . = : : (JO ‘
:L} 82—- L ¢ 0 ]GO |
6 o D - P
}1& 6 o o | ;oo
i o |
. . — oo

e drbletentiad {O'ﬁqﬁoo ©abor-  a caene'fafl 'QDJJ?_(H_ A oo

R P Tn, o A T gt

compred.  af-  dhiee d'_meﬁsfeffﬁﬂﬁ Yobadiong  abast e [O©
diviee . axer o cma c‘:rfder{ . Towi , a cgw,pa{em’h( mattan O

:, aboot™ Qﬂd ‘aer}en’ai axth ,t>\' Cann k2 estpf‘gdbeci aX GO

‘1 ] ‘ @
Rt (ki de) = ROt (’Q‘”SI)M (U'Sd) kot-(2,82) QO

A , ‘l'\
. ° 8@ 0 . Sz 0o —O
. 1~ . O
° S & - S—'Z._ { 00 Qg
O ~1_ .-—5 & )
o H Lo O O (Y]

o 0 J
& o o

! 0

S0
| &
l,- e — = e T T ——— T ——— T T e ‘,Wf___;;——;_:;:— A Sl e —I G/




L Ba 2v Ba No K¢ _

n
|

e

o
v

D O O DDDDPOBDII®O®

|
G

“%‘J . 1 O
3
0 o 0O |
—

D't f£feventral ‘ﬁanb&mhm of o fame : 1
P N e e - |

T T R

The  aiMefential ”F(awmﬁo‘o of o "ﬁa\me_, A a
comisinadion  of-  iffetential tronstations ol clations -
I we dendfe o'f?@'mal "F&‘am& ah T cmcv-l asame Al
the alﬁ»ae W ke e, T ok B __:"650*{’ of o differds

tioanformation qs  expioded @

ET + d'T] ['F&z% (dx dy. dz) ot ( H,dé)j [:‘TJ

(0¥ [aT) = (»;1-“\6 (dx dy ez, Rk (Kidg) ~ T | (7]

g, a0




| o®
L. whete U A &'ﬁﬂ?ﬂql e, .. - o ‘ | .(’,)Q
| ar  is _Qj'wlﬂe o deve a8 a ' qesort of cL'tFPefen'r'%O
: ‘ - ®

Tonsdomation . ,, : {39

1 . 9 .
T ' ' @

At A [ 0%

(o] - (A07] i

,_ "‘lﬂh@ﬁ A TS d;%@er(e_nhal OPE‘((ftE{ cmc:l vre.ldé C—“‘Qﬂﬂe_ i —ﬁ?g:

le

| EA j Ef'f“"b kdﬂtré‘-%'d?/) x ROJC‘ (:H , d6) — J -

! L ao d27\ [ —g‘?:\ 5407 e e o
¥ : ‘? |
° 0 e '—S?\ st o s ol o ﬁ
0 g o !~ o D o | 1o o o!
¥ . A ’ |

L

| -8z 8y Sz e s o i
| & | (0o v e

St VRS It . be
' | =

Y © O ! \_ o O 0 ;

et

—_— @e
o
ST s

,—S‘d S o . dz_ Qg

OQ‘




99

-
e

9.9

D9

ey,
'

.)*.

——

Dy Mfevential ib‘dﬂﬂfj petween —Hames ¢
The  gyuatio” Toc dlvential  tHapdormadtioo  of a rame.
1A

(a7] = (nd(7]
setoton A" s cated A2
cepleenls o d;-{‘&feM

d’r—P{?e*enﬁaj |
Tn  Abe AlpVe | |

-
-

-~

- OR alet . The. Sifenential oper1& s
b bz x|
opedalel  Aelative  do  he —':’xa:b fefesence ame. el 1A I

s N« 3y e Ju I& Mo

fechn‘icaud : Kby s

l T 4 fmg.bze 15 define.  ancthey AP lesential

{I- opeNetol , Mas  time ~elathe to A4he corient—ame.

®9®

b

et - T diffetential 096151_0‘1 selative -5 +he —Hame.
C’Q‘) x ~elettve. Ao a cofent "P:{EQO(D_

di-Meventiad OFE’VC(W

((‘)Tj‘.)“)‘ji)'j‘)) HNEEXE

Ec:lfﬂ = (T] r'TaJ
=~

(T3 (23073 =17 (13(7a]

= [’T]F{[asgﬂﬁj |

b oed BB ety e

This  Eyootion
olative  fo e  “hare. i




! it nt] N, "PO A
Aot_ &U Sz —F-a
l
O
B d 0 0 u

.

Tdm:/?.@gﬁ@/raj
Tdy = “5‘.[&53’(5)—&?9
Toe > 3 [P A]

_— e e e

/ ol Ty TN - Ny )
% %@O \..OL,DO QOLJOQODOQOQOJO_OJOQO)

Y
R4




-
P
b
’

— J
e

. N e

Be Re Qa o Ja N

b

> ®

')

—
(@ @

S 29D HdDD® D

e

2 6 668 600

©__

Retortion between  Jacebian ona e dr"leqﬂe'fenﬁd

L T e e
i e N,
B W

opetatol :
A~

The Je%mﬁon osed o Yeplerett  Ane A evential

-

N e

(o] = (3] (Pe] —
. ' .'a-/(
The  equoMon  yuef o eprem e ctifeventd
Fonstormation & o fpme iA |

(273 ~ (5][73 W
' dl%&?ﬂhﬂ}
SUpPoAE i ~obpt' & joints  ave rﬂo‘lef:l at
: \ - ; o bC\n we_
omount U&(\q axn () and - KnowiQ ':ff"& TJaob!

calcotate the (0] maf e pich  cdlaias ValeRs "P

Can
dizy dy wetir Spf By By C itk o o e, ha)
There. vqiuez_'s ofe &b&c"tﬂtﬂ'ﬂj *”ﬁﬂéﬁﬁ

te  guoottod o calcoldl® A .
dyidz) R pot- (¥18) ~ T

amﬁfﬁf (A) (A

A = Hand (d=

above. €yl ,diJPkff@”'H"‘i

bob&ﬁ’f‘t}’reol N oEyn &) 1

P Ahe
Ccallo l;@ﬂp and  HTA
Calcv \ate [fl’fj

(djnew = [-d]old £ [de




ety
4

| - ste
TCJ

l

OOO

ToVelse. Jacokian -

o e e i ot (o 0 0

o.-[”| ,‘rke . V @P— -—\h&l "(O‘OO": ’PO’{ cl "(ed ( }:
. " a %| }
ﬂéec‘Ed N JO\ﬂtE | X
| ,P,ee (s ( O(fi & d tb H
ﬂd. d-‘ eﬂ'Han mo'l_lm Q VE[ +‘d) w nee (-EO

At mreia i bty .

9

N A e W
\olate A2 velse o “the. Tacobiar N
CQ . r

in‘ CLoethe -‘—Pollouf‘ﬂ eqoorﬁc’ﬂ '

(0] = g Coe) IS

FGJ[T@l//// - o©

Y:T"'J o] = | \(\gﬁj / | 22

'ilﬂ\le'{éa r_‘#— +he
-Pa{ﬂ— eoch Jelat MuALOQ

W
g{cL o ledriesd
AT h:mﬂ A cdr s

wotfon o vemc'na




M N I )

e 1e R
®

Effective- morna’thg of- Toetin ; o | *

W W

-
i

ONCRCRC I X ok Jo B R
&

2|

mHoD
To simph%v e equokiond GP’ +the_ r:bquqﬂo%

Con Lo tewtidtlen 10 Aqmbohc Lormn qb

T} Z\| P P ﬁ}*
_ DyF Py | L & g

, chl A

aﬁ Jo|n+ k C’:‘feﬁm

goheve. as A Co& AL

knowo0 "7 b Coopﬁﬂq westio,  between

i,
o

4-0-0-0-6-9
5
0
R
o
L
2

ot 1 ol J CotdR

- Loo ot
(‘? :] 'ﬁ{x . aﬂd— N Q)b an O\C&ZtE"{G\ ‘ 4
] ol ‘ ¢
Y gt g of i ea‘ml/tb ’D;_]ﬁ’? ot ’D‘ﬁ“

\ 6] LN 16?‘@3"‘17 Ceff'rT\'FE‘Ft—dj ’FO{CQS

octtfy ok oty G de 1 o ‘{eloc")rU ok Jowt 3-

(G A

(6 o 7 conerponcliy weitia A epiesent coviots ’p'?(\f

.
A\

€6

Agsmh  wikh 8,8y Aepident ¥ iolid  qecelevationa  asd whep




.-,
chnomuc QD{OOJ‘IOM v&{_‘ % ﬁj‘:@ o ‘Pteeclom.= Qc)'lgﬁﬁ:ge
g

&

“The. dﬂﬂarﬂ'ﬁ'— equations ot o 2 mop Aédgte—}o ia  much OQ

mere cgrnFﬁCh’J('El ffhan o &tPE /_sdgf'ﬁo . S tont Hete F)g

eopaltons el o motiéplex deaxee_ of- "Ffeeo_lom "abba{’ ode. V?'{d i)e
loﬂ‘a and  Grptald Ly w0 be Aund  bx cnlco‘*““:’ -H'la;e
K and RE - Me wd oad ok bd c’aerf—mnrﬂ e @
Lm\]mnamo and. b-o < ’P—P@‘eﬂHQﬁ{U with, ~ Joint Voctiablgy (_}9

EEREEE

X"

xR’

T ve—[vcﬂ'd o o PO abodi- o,

_

. lw’
o

obet's Ak fen B2 defined 'CU TJQ
d}%.(.‘e-{emfrocma e podrtion  gon  of-the %b
” .




¥
X
)

S - L S

~,’FCI"f €~ oxiA’ Yoot ’ 'HE gq‘n .: Cmnl ke mi-(kn QN -

\

mwmmmmw@f

OTS' = OT| Tg g - ~-2T¢ = AiAsfs . - B

Tewalive AofF a—n Aq mat _po{ o adeNatute. J’ofq-;\

wer A Qg Voﬂable A iA

oA \8 e "Se’_ic”‘i 585« "X jCe;
3'6‘ 56 ) Cer . )
] ‘ { ] Cxi —Cerak; Q;‘S@f

ch

N\

4 g R

000000 00DDDDDDIDD




&t lanit

< — Ss'c"(;
BA' ) _ €5t '
EIRAL S B

9 i

Ce{ CAY

S\
0

. Con  ecxpreiA

Yoo RT} Tyox

u Jo peiodic- otk ,

8 &7 5§

— 8754

OT‘] ’Y;

ey

/
Poston oft Pant- P oA

?’fMeye,,\,{.{aHna weA At Goirk Vedablea




S _

) B (..":'
™
C) |
| Vy=d (o,r, )
® at '
O [
- O ; (| _Clq"
Ds (g - ()
° = da b 5!
®
® The  Kinetic £hef o an olevet— of MM m  on g
@ |
T ek A, 'L—E '?’_{"?:"1—
® | aKi - «{i L'M N ' dam
o ,
3 L . ol A o %
® vove ' = | o B o0 B - T T 9.:-1:\
| | 1 . Z s -— ‘J t
e gif (== 7. o
e 2, i
®
N ; r 9 & Ne &
@ - T
'S l Thace ( Vi Vi ) = . Tace TP 'd.:_ 5 4
i b'r U‘;z}
ﬁ 21':([' 2“;_?’;; -
o B the  Jorowi )
o I i
o) com Bn?ﬂv He akove Gnd 'ﬂ'el /U & 'p"‘
B Ke
® J .
° Ki = 3 Me __f'd_ff “Q ' Uh‘i‘ﬂi) '“‘i) <m;
\l?" at ) at
‘e
‘® dere  p oo A Tfepieenls e diffeents Toine memieig
° g s u (g3 0 ) o) cvj
: = o . { g 1 ) Oy Ve
‘® '(' . S OIK: = g AR p=t o1 P\ d
| '\A e feeuch Tnedia  palX fepewntiy  the (xiviT Gomy  Con ke
@ Wit ten an
' @ . . i
B, ~ (Fxx 4Tyg4T22) 1 +x2 )
. L

. i Ty ""'“J'




-

VS PN mo\epef‘df‘“’f of- " Tplal

since A
yetocttier |, H mott  be eva‘f_\nfEd
oon |
K=l ¢1\<
I 2 o \pF! ¥o!

ap tta Taloo{.‘

J\ é (*rc\(‘a (U‘lojrbﬂ)ovf’%é

- , Fh' .ff

omd oNCe

AT Var. o
g Frace (Vipds OH)WP !

anglex

qﬂal‘




OO0 GCGOo00O00O0O0O0

=
N

)

TUpO?b @ Q0

00 DD DD DDDWDVDIIT0DX,

)

UNIT- 207/ ®

TeATECToRY, PLANNING

=~

T*fajec'm:' plaoo';nq;

The ’Fa&ec"t&’ﬂ o e pth vefers 6 o bee
G5 o poston, by o0 acsletetoh au pasie
moverents  d- dhe mﬁlpdo?ﬁﬁ - ittt foncttens  and
fepiesent e patly & ’ﬁo&ed’o_fd

Tre-
e canpoﬁrta St
ﬁens‘(q'ﬁoo- o

potiy of o a\}ec"t&(\L/ Plc(nﬂﬁ‘v vefers, o the LD:U
from location ’t_ o\now‘ffa'(

o st i moved N o

coitiotted  monnex -

o

'CQ”"‘“‘”L’"’“(-/ afd Ampotmes
on Rsion & s fime
cdehbtives, n Jsinkof
' axitelion cootcdnolzg |,

o

- beops

| = PosiEic0
Path éFEC'f-PiCaﬁm:\ e velocl

° ﬂm‘v Sl TS - aceletion
mo{dim’a
o ovientotion

Dyjroaic. enpanX

e Joint -{1960{&% &

ot Sorces

cny  Block hogiom
Ffj . ol ploing BT mﬂ,\_

i i — oAt e R e e e o =




i

ot

contol

P N R S

ﬁmM’*a@ 4o aim o o pbot- fo be

coffoted  fapy Ahe ,pouowﬁrﬂ cdemes 1o ke confidered  ondley
o pokble  Comshainds ) Triedioy  condaindE

o

C2) obstecle  consHalnts

'ﬁaéﬁgj‘\_@/

ovdles, | '
. + mrﬂhorﬁll/

.
”~

Lo
—

No No
';7/%"4?0’311@5%| /é '

‘No

Fnbrhornl Coﬁf%ot
ontine. hotdle_ oz yeb
and. Q\bldmia
\l . .
/ 00--[!%’_ R:&h "—‘K‘fﬁ/ - =
A SN/ S 5 B

?lqnmn:] el

=l

e

%/ on-lne_ Poth
i tacking

eBf tine “Cotu"as'}or\; A PN
free_path _planoin,

!

Fg:  Path  cootio! SeherreA

modes ; ( wodes to i abelectes i Feeclerg)

-

Q@0 D200

Q Q Q

Q<
O

> © 2 0 2370
CO0CO0O0O0COO0D0O0O0CLCOC0O00 000!

2

f""r
o

-

)

e

OGO O0O0
SRR RORe

CO
0o




8

) 5

®L

2

e 2 I8 _

e

PP PP BB A D00

-

290099

2. 00900890

e

L&

g

L

/’

Mm‘ . when Hhete A no 'Obéchia and theve. e}b o
)

Mﬂd‘& o e pth A5 e —Fouou:ed 42 poavional

ool s sobficent

Mode 2 @ wen e s Cettdin  ooptace and o ot

, I
il e gty codfel s te ke emPigpd 8

holdle.  detection  and  avoldan. -

Mode z: when Heve s no okslocle in e fxth and 4
e O ln=. foth Ptom"w\:?

e e P ke e SRt

har  do mowe 0 Cettain a'nfer) pth

wh on-line.  ptb ﬁaﬁﬁrj oy, b 2 coarfied. ook .

cosiont o0 pith  meeds ol e colll AN +ee Poth
— ORI+ |
Plaﬂﬂb‘fﬂ Cor_)Plcd whth  on-TE- porth i nj 5
| i w  Tedeclovg  Planning -
oneval  considevations 0 e 2@
ro sy \ |
The  Qenera pits Ao ke comideted  whe- PA ’ﬁ

4e_ monipolater +oneclofies, o -
* Fare. Bass -
PR T T
T B ad\bn’ﬁ?ﬂee%;
path by mpecdifin] ot okions,
Ot ek T8 e ke ~fome_ -

5 daxxike.  and aeneTCTfE

i tEm o telfeme]

R i i ittt i s it . 435 o TV 1 i A T e i e e e e e e e . et et

B




i

| doapect 1o otodid bome - e @ has Ao pus thioo

|

¢ Smence GID- Irteyme idte Porﬁll
i A — o =
Bis  nvblves - 10 specing Aaa(czﬂce of- inkéfm:bpi’é:

¢ SPECFF'CH'H& 4_ b - . ) i )

s,
"

e ceasypled ~mofion  deciphon g e Aeol e

fan o pordicotan qobot  of end effedldd yesors 0 modole
Loimation -+ <mia hetps 0 oba&a of Are écma_ Aeac«IPJl'fon
s aierentt mn.PolofFrA of  chflerent Sizes of e -

i Mo\*eméfrtﬁi ﬁ-‘-’ monipoleital 3

“The.
1o dhe Hoobial posifion and: il
With Tt o dhe.  bae {ome -

posion o) ke “tool ane

POmts  Latween e end (:obl«ﬁor}b 4 e 'L:—bl tame. wih

there ntEmediae ks de&q‘i&r@ e path -

¢ Elgpre. Twe : )
PR e T 1
. 5 Aoeen  Ahe
e sreciifig of- elapred Aime- b

Erediole  ponls 1 dhe.  desodption - the Potb givex |
tompsiod  atibotes, - e momipolalst  motion .
s cmeooth  tREveise. ]

W N o

By ;Conﬁ"fa"ﬂ"’a - A Aptial and “Tepesal

AQuatdies o dre D ketween A poials - TA poaside
fo enre the. Anpteis e oRriaHon « o desaiibe. the mofier
e matb hap 4 ke desodibed oy o welt defined smootn fumetia

cadpoleer  motien s “dentilied  and w_tqﬁ@ N

Which 14 alxe corttinous i o GF— ts .Hme, deivortt ves EE‘J"@
| i C«zn‘d*’lOU/.S"




9. 900

- e -~ iy -
1o ja" Yo

DD

2D

2@ 9

b=

P L T P P A
T~

e g 4+wo  methods of Ratb Tﬁﬁd%” ;
O Te  FaEet Apoce  scheme |
@& e coffesian opce Scheme - E

() Toot  gpace. aoteme :

NW‘-.W‘.‘_

[ T B
Incvemeot- '

— N
compotation 4 o Joint ?
FoAition q‘—q ‘-['-ri\;eﬂ +5 -:
|

Flow chart  foy Tt spaCe  Scheme




o e Jonk  spe  sheme .

e aed ol quﬂlﬂ‘""@ e motton

T A

the b h‘tb’(o?\‘j o a

st vafiaes and el Prrat quoo bm?__ Aeivabivea

o Ao manipodly -
P> i

N . .

f_a,_';J Jont —Sfae.  Noimalized

ma\ﬁernéms OF o\ Yo bat-

10 Az akve #}ﬂm’e ; Ahe omd Coledafin  needed

Was e Gond vaes  der e

Sestrakon i, to move

e gk —fn ek A do poid S

ub‘m@ the  Tovere Kineratic E\Eﬂ"ﬂé o

'wkotr e dotad  Jont dibplqcmﬁfz

e Chiculoffgd

e |

=

e

|

- The dasciiptior o up apbon  mode ng Ao Yokt EU i
' e Jond Valees 2 ated  Jont Apace achen®

I r

@



-
=

\
g

Jole e J9C

—

-

-y

¢ P J¢ QW

r ¥ X

@@

'

@

J9lee

© Pomig & Aoy fon o) vediable
* Reat ke plonni of- ’t—Tq’iee@J ,
Ease o T:\efaﬁf@ ’Fa&&d&j Fl&””"rﬁ ‘

Ohes  ow defa'(ee_ Folvm;qlé to

ca«ﬂ?o{‘o;HormJ posten
© Dealy o fhe manipola (1 cl(zf}:m'ia
pis advanteges

e pcotion  of

L 3

D'hﬂ—picotfj n c_—,lété*r’m'uﬂ'?(j
ks and  hond c:luﬁf’a rohon
. seilde wpiobpes 06 e F9
les  acenatE alma ghe  cedlBhion path -

(2) 'c&{t@iqf} spce Scheme
P — NI — e N et

an Ahis

Positton Vetocvﬁ‘j aricl

& - r ; r I
Ub&,d N P(anﬂra qnaL U&r‘a %%&'} dcuﬂ‘l‘ Space Vorﬂ@fbg

e compited -

N
an cm‘fZ'Aan Spale acheme Al Jsejrreﬁﬂi -

e mobion most— ke calcoloted - “The balic

Joink cp@ Y o @Bon P 1A

Joint- Vales mus— be fepegtéd.w calcolaled
nveyse  kinemofic.  eand of Jhe vobat -

“mt@ipoldll Jotnt h'mCF r,:ﬁ?'ig

Cméi@ﬁ/ftz YA —fefq’ﬁ\/df‘d

5 \fefra difpicor

!
methed b2 mant PU(OI toy s
accelexation time. bié‘(’&(j -

1[,}.,( i lggtan S +ha_

-

N Arect Tevma

~the. -joirTfZ. ;

hand

diflexene Loy

—Hrrimﬁh Ao




[ 8

Fin T
#

coflenton  spce fno\/e,mem of a *('&30-6@3'1'66__

fFloo chectt . 'PG'Y Qodflbiqn = aoreme

M/\MHW"—

START

Totialization of Hme l

teedon  f  o~obot

R¢

/ ;
Beqfinnim d- e contio) ij

In‘gﬁ“?tnl—

!

Position & ofentation

l

CRHHEIA POP - Tont
So tution

e




;Yo

= P _
) 18

'

o

o,

®

B

D B

-~
-

2D

)

91979

AV T@9es adtesian s scheme -
diertees 4 adtesian spee shere
* This  method s sﬁa’t@hl— Jorwrond -

e aslocles  con ke fm:..U avol doble

Faight i padh
* e We& Oﬂrcr{af‘U aloﬂa tre G‘U (
o Hs loadiond

° E%U aeledmnrotion of- nK

c:\crf'ma w00 ¢

Thiaad ERICITIN

Ld 13 !
e T 15 compototom! =0

. cht\’,?.i corfol  intetvals

Caprfd
opet defined
Corridinalas W not P 'd |

tex,  a & Joet

S

THodecter U Planrit with ) 2od oalev Fbumﬂ\ai s |
B gy =F |
c . |
postion : 6lE) = Cot oy b RS |
3 -
Vétod*’*t{ P el = e 4+ 2al)t 3¢3

ACC@I&"I’Q’{';OD . -6"(9 = QCa~t & cg"«l-j

ot orcled P@ljﬂofﬂ;al:
._—_'__.—31—_

(] t_(:) = AQIO - Gn L{ |
- 4 Gy et 35\51’:9‘4— Lo, 34 qut |
t !

£3

JC,; qz'}* aak%.ir ayt+ Q'{)JCS |
pbb]kf;lf)ﬂ i |

vetodh(] . elb=

9
\ e st + 12 %t + 2095
Acceteobion : 81O =

S{O\g\"" e




(Pe)

W demed o e e fist Jo‘* $ a gx-orih

oot ‘o ﬂﬁ ——?1—0,() q’ ?n‘}{—’(q[ . ~Q(’Ole * 26 '{'O o ,_P-f/)a(

: aﬂcdte; o[’— 7;5= 0 -5 /ﬁa:nd,b " Ob.r\c] G %nffi a‘tde"(,

t

PO(‘drom'ql catcolote ”‘& Jo‘fh[‘ oma!ef_s ab e 20 30 i

/beCandA 9 r -* - '
’ ’I§ _
Gwen - < rsel
ki) > 30 /go R
sl = =5 . g | ‘
& = o= | ’ : ) - @,@JBIL{GQ
‘E{L = 5 AeC ‘ ) . C,p
. L. oo
fosifon &0 1— ek = Co t OF T at + st 0o,
I¢ 2 -
vetodhy &0 - O = ot 2ot £33t - cQ
ao
PTCCe\efo(Hm S0 »6(8 : a\cg,\—\' ec_%{ s ﬁ .HTM o
Anikrel, P:x&}for) e—L{ﬂ) = 36 (> = @}) 1
N 0o
e'ta—:- Co fl-C"L“ - C—g\k %—C_S’ﬁ ' QO
. e
G’QO') 30 Go
L0 = ot ale)t @@ c5 o o
o
lco = 3@\ —-—#L'J B
on Lp = 6 2ec Se!
Foat poston o () = 75 (B S) .
. g
; n_ -
15 =~ Cs + < L'S) T g (9 £+ 3 QS)B (.IO
%
=Y




@ + 5¢ + 25¢y5 &+ 1235 63 = g

2% & 5C 4+ 25 ¢cg t 125 ¢c3 = 15

T Lial \Jetocr’ry . 41@ o
sl ) =2 " Foy
o (£) = 4 R

(>~
& acyld)t BCy'e

(e = <

i Cy =0 .--—-—-(.3)

Fmat  VelocHy :
e vy
6y =&

e'(5) =

D)8

(:("5)7*
B = & -t 2(‘-9\(45) T B S

lo C_Q"‘" 15 S5 = ::LI)

cob ¢y =0 n  gn ()
gc{ 4+ 25 C‘_g\-{—lng_@a = lfg"

5t 25 ¢y &4 128S ¢y =45

E5ca + a5%ss qg} — (s

i B8 cmm R ol e £ o B o oo o o il o e e e

r‘ e
|
|
|




....
.

¢
2’5'C3\ -+ 125 ¢4

solvifra e,  akove é.‘qnbﬁ we. ﬂ%{—

Cg = -—O'I

ﬁ JESEn

“Jorh J‘!:_'

anatlées :
.Eg#“"’-ﬁ—_"

LN © S0 e(E) = ¢y + QI
r.-../

ot ea bty op b

—

3ot O T —S;-Le £ —o-r B

g 9 g I3

6L!) — 30 -+ S-h U')L-—*OJD\C‘DB = BLQ.«G%B
&) =

2 ? o

30 + m-u () — 0'19\(233 = npg-8L
6‘(33 = 30 -t 5rbp (3)3:_" 0-79\(833 =~ 59T g
(&) =

= 25 4 s (DA emra(W)

5 — L]
. O — {or 32
Ygpoorase o

—




220,

>e?

29 ®-

e 3

eow‘ma ‘e A ) & (5),

we W_[- [QB = '—D'TQ_P\

To HJind -Ifi'g'lﬂlt‘ D\ﬂ{eé, .

§ -
gltl = A o bR g £ U2

=34+ 0 + S4t _ omatd

61 = 30454 -0 = Sy.6e’

&) =~ 30+ S-4(2 -

6((3) = 30 +5:Lf(3)’2ﬁ o 2(3)5:: SC;.I(;'
&) =

T76-32

o A
& vy -~ B

216 (909' - R.9g
_ 2.1¢ (87 = 12.96

2 o
— S fuy £ B 6k

e e e e

&) = lo-s(2) —
‘6'@%') B [oeg(?))




To fird  ocetevotion

&8 =(ac, + ¢c3t

p—

' 6*'(5‘) = {0\@\—- H'Bﬁq

ons o the Joints

He ot

Find  Ahe.  coefficient of ¥

) 5:1?.) -+ €C——o-72f) L

o) = (0-a.- y32\ = 648
e () = |o.q- L,-aiﬁi = .2-16‘
8“C57 = jo@ - y=22(3)= —:z.l€°
o ()~ (o8 — s (§)n —64€
f i) 1= CorﬂfTO,
) A b ovder Pc'idmm"al s . ot AR

gp.a"@kd‘

¢ 4o o
vl e o
i 21 e &3 —fom bl QI‘U reP e
S e e o s e e
; = ° h “ levoto)
olce
ondd Pl yepcried  ofe  FEP anal it
AeacceleNation  ode. ‘_lﬁo( 66’&9\ '
61;\‘6” '_, -é(.:{‘?) = C_‘;
r 6(*:(‘3 = "?'So
: Ly = orec
| .~ g xed

&) = M'/éccl/,/,
@7“(‘{:{1) ~ *'*'0'[1’566?'/
t ﬂ*.LH) = @i('{’,g) = 0

"'C:}(*

~
)

-
e

=
'

(N M

)
-

Co



Tnibal bw(ﬂa‘u ndt'hOﬂ-b
= — "
o( 6) =0 ; e(e) =0 , @HCO) ol

6(5) = Co + C"’-E —+ CQEQ‘+ C_:,t’? + th&'-r 3 Cgffg

2990900 9°9 “3 ®

.O. = Co ++ C,(o} % o C_?[O)L_r CS(LG‘JS +

I'Co':o I

e L) -0 "

cpldf 4 (e

i 2. . 3
e((k) = &+ 2egt + 3t + | CLf‘C & ‘5(‘«5{‘%
=t 2¢(a + 3¢h(0) + L Cyled® + S 65(03%

6"({,—]') = o

2

‘e 2.
a (0 = 20q + gca—[: + 12 Q‘f{- + 2o Cg

2
102 265 + gest® + 120 (97t 205 (e
26y =10 - |

Pl kwndodf-] conations

9(5') .-,.—_-'{5’ ¢ 6'(5‘) =0 @u(?;) = »10./&52__-

L 3 st
6'(?)) = I 5 Ea ) & C{(-B.) +C3(_’;) r—rchC -I-CS(J

o + B3 + qclg\ + *1Cg + B ey + ke s =g

iif5555353363%53333333333




e 3

ate) t 21Cz + Wyt Aycn g = 5

21ea t B Cyp A+ 2y S~ 4,

& (%) = 0

2 3
ortz) T o 42t 4 3 Bt ucgtT 4 Seg b

0 = g + 2 « BcBL%”)L’t he (573 :

1

Ct

O~ @ o +4 6cg 4 21¢y -t V10Q ¢

0= 6 &)k 21l & 108 Cq + koS o

FC?, T todey, -+ hoS Cg = —2» 2

6“({-) = — 10

L !:'3:
g + 5@_3&) T g\ £ 20

3
ats) + gezl(3) + Q¢ (33L-{-20C15 (B = ~10

(o + '@ C5 -+ o8 C“E + 6[{0 e = I

E; + 108 cy + Sko (g = —20 |

Sotu‘uj e clole.  eqaions we_ﬂd_

€z = 'o/q = 211
S = ko2 = ""R&-

Uj
™
~
&

Y t LoS cg

e

j)

1

°e

__.Pc 3 ®

™

e e

e

3
C

¢

e

oo




o
V

G
®

c@s

\ -
ll_. .) I‘lh‘::

., L~
""-4) o

5

@

‘RN

~
b

~
v
.

F‘,'nun e Po,ﬁﬁ"r‘foq. \JEIOCHU & QCCElQ"(Od:fOﬂ ﬁvtﬂ‘:‘o% ;

ofée.
=13
elb) = s€E° + Kt = =l et 4 QTS

3 oy T
. =
(B =~ fob 4 6m-mES el BT

]
8L~ o + tar.=32 k _132.38 &+ 29.¢ 3




QOO Q- D..,O

e O

00~ 0.

Q.Q. Q.

o W

W

CO




D

LB

o

Jo o a & » N s

e

»:

»

2P 9D

=
b

-~
[\

® 9 ® 0 ® @ 4

6

)

9@

Y0¥

b) Mot eflect Seruot
Q) olhash ¢ genset
d') opl'r'Ch-[ oY

veroclr*v — Tockomsla

Sendayy > enwcky

| | Difbefentiakion of
FOAH"}OV? éﬁjm J

e 2 A R o A A ol B 4 8 A 8 4 0 B A

LN -y 5
- L
- SENSeRg
Senbov - With
—~— n\ﬁ"foﬂmeﬂin‘(
fhe  intolockion of- Ape kot ESESER e
Sebips  eeds  mechodismb  Kown  ap Senbdl:
classifiation  of  sensov
AT o
' Rolbot g=2nsoTA
H
E
_ \!/ J/ )
vebicls am ppition, . : d (\“ =)
Velocities |, oceelevation | - Roleot fqudamce |
oblect demiiadon
L osad ™ | objeet haneling |
Rokot conto! ! R
= Pommmb Non aofitect contoet—ty
Won S e
PoRHION —t—> | _
— RESAINA 1 @ﬂnﬂje Seryo (s ® Tooch Aenot
> Endley - ® P.(G:C,MHU SendavA 3 slip sensy |
a) Tndochive genday 3 FC”G?-/ 'TO"""W“EE
entoy |




o

=

popition  semoid -

we.
- pobion  Aeniails e ved B mea
d‘i‘-bpla\cameﬂl— in  both e onal "(Ojbc(a s WM ax
mvemeﬁts .

0 Po@rao&ﬂzm 3
P i

A poabiomel=

’ _ _ton h t g
covetts  postion oot

v 5y . e Sweepl o0
e 1N
e esirey  moves e P a ahqna 4 )
- L Fot
piopoction  of  pe ~exinlrce lgea{faf&- of  aflsy )
with  the_ oted

Fo&'i,{:pr)?’H"e_

1@?&% . Va'ﬁ@—'b» '

At

Veulo

SWce. N gaA CO\FO\CH’H He [ﬂo{ﬁn’(fomé@ﬁ xars ‘ b A

Volt\ja Aividey The OUW_ wit  be pw(oFUYJc'roml o

sersirtong - Vour = Vee R
R

= Ve x_Qoacka/

&g

4
- AT
hl

D0 3

o 0C0CO0O0CO0O0

070"

0.0 @0 A

Q. Q

Q. Q
O O

")
00

r
¢



)

DO

D 9090

-
-

D D 9707909 19

I Y Yo

® @

&

Po@nﬁomeﬁ'fb con ke *{o’@'{j oY linad and ~+hua
Caf) TREQlYE. (inZal gy «a@fd motions - ‘36@{7 poterttiomde)
can  alto L podtple - o femb‘*"f] the  wey o mexsure
”W“(] tevolvtions  of  motion:
j potentiomelets e Sey  wive wond. oY
N I Jeposid, which # a depsit  of a thin fim

ol esistive witeial on o anface - e malor kenefit

i - Hhn —P—! (m Poﬁnﬁorfﬂi_w W Ahat  aherr ootpot

CONMHMUL s s e ﬂc:fbd

Pols. nﬁom@t"ﬁa one_ raene*mt tU

el fod bock  Aeols okl B

L encodleN A

“Tre Cgmb'ioq-\—bﬂ ci; AeNXTTA allows -P@-{

aoe.  of f?ﬂj?“fﬂ wth  oHeY  AevuovA

Yepork: 1e-

Cpostton L Jols and (ks - pstontiomelans

MMy

ave

guah ah

po)_;iﬁolﬂ . EncodeYA Ye potty +the conenl  poartton .

nput-

A

wed  ap

Q

The.  potantiomBlY P e sctop




R encoders -
,_,‘_/'\N"‘
An croder T B o Sinple devre Al Con ootpot

ahf]‘w dgnal Loy endh Sl pothien - a rncivemerd- .

T o -his an  enpdey  wheet oy SHP b dvided 0

¢
STl Aectons ¢ A ﬁahi- &;u{@ on ore Sde. plofides o bEam
+ “ZT*“’ S0 el other Lde o A encoes Weet of
alip |, wheve W WA aeen bd an otey l’xahl—. ._sznb'kﬁvjﬁj Aende|
such an o phetp anssley

e A AU
b the  oheer's ongolr Foson %

“the. opRISHE.
ol e ﬁﬁht‘ Can\ ao&hfaﬁb e ekl ON

. . ‘ bigh
Ade T wil ke, Avtned on  and W howve. o 3

S\Uml TR ke amaulor( posHin  of g wheel T4 Anch

thot—  dheo t‘\j‘ff*’ 7N 5’[51’?&:1 A &W{.uﬁu be.  off-

ol Yty oobpe—  ww . w0 Ax Jhe.  wheel 'TEE‘%?"’ p H

Cant CoI’HLIﬂGUAIU Aendl .&aﬂalb - :EP‘ e 'c'::';am!é arle.

ol | e oppdmare el T angad Anpragmes—

L2
of— an
of Ahe eheal g ke wensied U

hete.  ode- 2 badiay et o encodestd

() Tinefemenial Enacerf

C 29 .Abaogo‘ti Encocie

DA DOOD -,
OOO:DO C O O O:DO }

@

0"0"0

©Q
QQ
QO
o/




-0

W

e e)e:

el .

Iy} l¢ v @

=,

®®

D

o~
k

) 99>

900000

| Thid PR provides  iafoimation  akoot  divecton

(=
\&y

©) jnc{e,nﬁﬂ'(ﬁ | enasdey
f__/\_/\—/'“—"'_‘ ../\M—

qlars itk motked  with

T conasts  of o -~
aﬁ@neci ~odta U

| QII—C'an-I-?fﬁ ﬂa%m{?nk and
A Pbd&b%nbm?ttzq Q a ﬁﬂl’ﬂ‘ AOCNCE)

of e disk ond o Hols Tecsived W5
e lfakt‘ beam 15 qi}efmtaly

-OPG\Q]LE shvipea
s loaslad on o Ade
on +e2 a—ﬁﬁ"f,gtde.

As e ok ool
comple’GB & bfoken - The. ovtpot  from e photaYeceiveY

] tonal o
A a  PLlke ’é%:.n whose ”W"C:j & popdt

- 4he  cpeed (M) of oteston of e di4K -

e (6)  Linead ncremen(a)l

) odey .
AN @ {’cd Pical  enadey theste meEfC Q MI‘Z qﬁ

| Ph‘ﬁfﬁaﬂ&ﬂ?ﬂ—e"( and ~aE Ve A Q[?fj'ﬁeﬁf C?{Dt o GP— Ph:u@.

I
1
{
|

It e ‘S‘?ﬂmt A leads S?ﬁ'folg [DU G , the en ,

disk tals n o Secton | S 8 leads S’urjmt A

\ b‘dl‘?o“ ten W volaly N othed divection .




/v

B cwoir*ﬂa He.  poleer ond- b(f “ddmﬂ o
subtiacti(y . bued on  the Mg, W lo paibe fo ue
Ane  enwcky o P‘O‘”de- fbé‘iﬁof) waation Wt g
HKrown A{ahmafa,  leaptton

(1) Absowte Encedey :
——— N et

7 S V.Y used A0 tind A position  oft the

oplect - Abwrope, enobTA cmpata e Aome ,fo_q‘src corsiocHon |

ab meementod  enadey except- Aot~ thele. ave moe-
Focks, o SFEt, & « @feapbndffv no 0{\‘ -fece‘ivem arﬂ
Towntteld + The  shjpa  ate. m{maed to plovidz A
b‘no\*fd num\oef 1o ého«(—‘—i— angie. - (S kaee S have 2 Shikes,
2l Fe.cK ol have. Lt Siper 5"4 wit hove € and <0
WE’ Ccan ke @d ety o e enadel .
Te  seowvlio & an o\béoll'.){-e_ en@;:bﬂ s chpendett-on |
o o fmad and B qeen ,
Resovfion = g1 n— ro o ([acks en sk

200
0~0"0

CD O {:;) 4 T
')O\.JOW)O

e

™

O 0QCO0

O



e ke \
€Y - %)
%
| QLY
- O @) RerorveNs -
I r,..:._ AT
| :'W Resovets  ofe Ve'f‘d Similes 1o L\JDT S in p{rrﬁtpie;.
O
Q b‘j*_ X aed 1O nesufe o aﬂavlaf moton A erolve¥
® |
:’ﬁ A alse a Tomloimet  whete e P““’-WU a5 ( TA. conneckd
| Q| T the TN shaft ad coefies oo qucmqhoa corfent
£
"iﬁ i shipdimgs © Gele e .2 recondary - @i placed |
W g
| ‘;\l 1 apat Fom eoch oles - -AA 4+he  gole »65{5\@5, |
|
1 ,ﬂ the_ _P.tu*:(‘_ T C’.EVe!oPé aldo ~ofalas wHh  H
iS--A- when e pﬂrn:x‘ffJ ot n te ol i FWNE!
| iﬁ
: ﬂt 0 e edrey o He a0 mdm(d Cotk +he veﬁéﬁi
| C” ndoced  in Aot il iA  moximuyp |, While the ottey Semndaa
;cht dhat— 14 petpendicoler 4o i cbea Mot clevetoped l
(- .
O_! Qﬁ VO!t&ﬁﬂ.’ . AL He rfat‘-i "‘O@@A QW“ "Hﬂ VOH‘%
ol N He ,P-W_»,k— . éem(,dg(fJ Co!l ﬂo@ "[’O @_‘TO/ ‘ While. Ahe |
or nA - Yol R
= | mom o
pes %eco @il develops T8 moad oy

\f
VO‘ {'o?@ QU{
4

]
e

A Stn wt a6 ke '\fo\ '
e e gl




AF,g( att otrel . cmfalé'b
deveioPh o \waae, plopiiiony . 1o e s ol Cosinz.

<#%% mTe b He PRy aod e Wm&mﬁv
Awfrwah A outpt oo mober 1s qm’o? ,
W A equd to MR e and cvne. of- mqnaae

eumﬁmﬁﬂg the_ necabri—td 46 cevlole.  Arese varen (G |

Reéowefa oie. vellaple ¢ obus  and  ocarudle -

E

_ "P : . o LD
W)  Lieod Vmiqble Aillelential TP mer( (w )
P Pt A

LvpT 18 arotter Agre of- piion  densor " where
T m«gﬁ of- an

corafEetfan 1A Ak In bl ~Pﬁ \
| amrl o

pffm(f(d wmc:hrU anci A0 zsearndodﬁd w'ﬂdﬁ“ﬂ‘ﬁ'
movable. coe - r'—he Wmﬂ " eeited WL an A
e - e WEN e ol s s emi el

ocetion ,  dhe amplide o} VoHege  indued prieeey
SINATNG(E) i B2 Aame ar - Aecondedy w’\ﬂcl?f?QSRQ

]
;;,:“_ g },: 'f /m%f,zij\ P-['\fm{
e o Y
/ N AL ////, {I
AR AR
cote
l f,ﬂ‘ s P T e
2.7 7
s A
s // ’f //
gret totion | //:O— . Vip
N O‘H‘JQ .

in betoeen e 4e0 recondat U

000 00 .
’0°0"0~0"0 0

‘.

o Q
CCO0OO0OO00C

P
.

{

o)

Q Q@

UQ

ol
GO
OQ
QQ
00
0o

4d APFLPEQJ‘(QGH‘GIL qp Vorume




o o @
ok

99

29 "‘ D )_ T~

. a0
'

2D P

@

XX

| '@

N
®

—

r:JTJ- 5’6 e

)

V +4ve

Lelt

|
|
!
movedent
!
1

e ge@f\c]mtj wmdlfaé e Cbnﬂeciﬁfi n Auwch & mj
tas e porpot- Voltge

Hw i & e (2" Vot =

Vollfa\ae_ wil ke Zab

5 ol vol+<9;
“The_ ‘_NJMQ |ltm ~He nod-e_ d— P +€a‘i QA

med Ao e leb— ot %ﬂ_-—l-m-ﬁam
ireaw  of el

He e A

T - Nv«jnﬁwde; o e o;p_ VGH'&? A a
' tn detetmined bU e

at— Ahe  cerial  toaaton |

cofe. iAo and ewe.?hcua

/S‘rde— C!F—- ‘e nont F:VS‘*HOﬂ on ohich e oHe

F?l"ca\ka +re_ Ac "{l? c;@ VDT Can L;e‘ Qm\(edft‘i

5> o Uélfg neatifieY4d -

in fo

do Ae  differeng

i

ia loclef |




O__,;M: e %mum
3

"’Ta-c'hol@t‘ﬁ : .

Amioca

A ’roc\rorf'é'lEY s A 7@,@(0&3{ qutf czznva‘{?s - epharial

é—"e"’ﬂsa o o e_teéj#cgk enefﬂU LGl otPt Boan

arabg ke proforétoral do Ao 0 pot— O«f\auw S(Eed‘
T oy be osecl  alofg Sth Polrerﬂﬂomlﬁf :+o ,

Cuhe o
estmole. yetocies - Vil E) »K@l_ o

v

o Mexentiohon ™ of-  poiioD siam:l
T He  paion &Tm 2N
pastbe.  ond  even Aimpe. o APferentiote Ahe. ;:mrhof)

alean H— 7 q@fmn\l]

s&dmL anel. s cpved— W vetoc“rfa ,sfa‘ml

ot e o, . -




sfe' !

> °9°

-

0 )‘.-..T’ )‘_f? )_...1!

»s 999

_—

-

XY EER

.

@9

2°9-'0

To do Ahid 4= 1 nece,m'fa ol 4o Q’iﬂm‘ ks ah
pible 0 aldal Ao pVent—  Gyantion of-
\edae- fmé)l.ﬁéb 0 ‘felocr')‘t-] S"_ﬂm" _ 'Tﬁyrbl,‘ W _I/_\, -(emmnmdft:f

A .
Mot N —H\rn P(3%4E,Q ‘fE!IsE’EETé e vreA .Fg-( %H-i :

meabvfew v Heweve Aipleventiotton 4”
dhpid. B S I@"&P‘-‘“d ‘

Con¥inous  ab

voisg  and

vaﬁmq sigral

csifion  Siqma

coH— th an  op- anp
“The. —Pr’am shows & Ko &N w

f Moy -
Anal Can b2 v for Aifleqentiotion ,  wheve e
o o e im
S

by e velac surﬂml con b niegeie]

o ‘(fe‘& pskicO  signela




caxch ond ooltile seniols
o~

fi‘guch &Mé "

e R . 7 'rnaHon
T e doch devsols gt Ahe. ol

Mbl{b}f& ISJ m 1_@"6&‘—' l'ceﬂgfen - ’H’E- Ejjat ‘::hj o

hadted.  andl  ¥e ,p‘f«ae«(._g Chaodthe. menipolated erdellectody

The. 5ﬁrﬂmu> a{‘_ Aooah rapﬂmq!-'f@ b e oaefot 10

5 todiy  Ahe ooieEl

‘ peet- P
—>'  Reco MmN e o -’&;SK
_> frice.  and 1
m{f}PDIQHOD
. " | 4—096“) Aemdotd
“Theve o2 e '}ﬁ% GF .
W ginady A '

Binmtj cenbots

T A wsad 4o, ddefi— e edisen@ o te

oblect- 1o be  bancdted: conttol mechunln

il 7  FingetA

CoﬁfPC'f;oO‘ : —%

' f{,rjr";‘lz‘"; -':f/;/'
ged
T Bmer(U I

% .30%.5%

| R . . - ¢ “ . . -
. -Har;:l_ | wﬂ‘h‘ 7&?05_3__'&?31’. .

0 0% "0% %0

N
o e

% i

OO




P

ey
)

9 00 0C

-

D 9 -

)09 9°0°9°808 9

Fol exmm;le s micvo swHCheA oA timit cwrfches e i
devicen Hat  detived egnzsma g?rﬂmt loU condect— ot AuD E
queeng  pdts  ate Teied e pinary aensots - |
e Afingets s ghown o . akove e |
acllemnodatz  Ahe bimrfj reVAAVA. . The  Contedt  wHN -H'zs'_
PkA  vasoME ,  ddltedfion  and A8 m.['efrraHoﬂ A ’
Aofficre nt 10 defatmine  4he P"%ﬂﬂlc‘a of- obdect M
tne —P‘”ﬁef The Plope ﬂ‘qbf’!fv ond rmmpuuohon of 4he olject |
10 e ek erwe!om bl &w’{f camieved ‘H’\“dﬁh

Arat ?LW;(\ Cﬁ’”Gﬂ"‘j 4 e 'P’”T""J M‘ﬁk& E@ o tﬂPCrimal—foﬂawf‘l
Fm?m&rcrml outpot r:sfam} it

fj‘\

T+ 156 wmed 1o prodo@
foc  tne o é{e-('{a‘o’ lomud . fovr exuaple , A Code




s e o somars ove. | fubesed by eedy
ctvdnd e | aredded o o code. Wl . e epiedis
A e pomet o kg the: ' action o okt P
sesotls Tin ~otatton of- - e wheet - which ;(:Iwea r;\f\a)’rﬁ:l{_
' pwpoional e Ate  seisath. fote . -

(e="kg )
K= S?ﬁﬂa valg
S =  depleation’

ol . gluf\ad "e@{ded "

Taghe et e ed
y. fn osiay o fouch Aemots < “ |
o g ok Ahe Gntod
bﬂgtzm-?aqn (7 to  provide - 'lw[}gmwor? HC*\ -
of- #Inaem with e okdeet -

The_ gpso‘:aﬁ\ Aactfle  aensotd

‘ ee.
afoimation hhe Shoe , dize anc :'WZ 4?’ Q\D-

mélosed ol Ate ouiedtn

T 000030
C0TDOOOV 0000000000V

300D

Q. <

Q020

Q C Q
52D

Q
R

GO




)@

B
sy

9O @

‘wl el W

Yo Jo v o

—
e

D B B!

-
-

C W ¥

NN NN X R

®

> &

)

ll L Ve 1f ruuvbj{
Tre. ootprt— o e predT] Aentord gives

on  indiadion 4 Ae pesene - on  obleet  with
i e widnity Job oot . TIn Yokobick  these
AenbaiA  ode”  ared 4O aamo—,kz nfovction o
Olodeat™ ‘3"“5?"”7 ond  gbslagle  oneidlonce » |
7},@6@_ oe. *PW{ w% @r_ Mmr!—d - Aensodd

Tregy o 1 . 'ty Erdechve senbo"!
(2)  Hat ebfed Aensal

&g) Ulﬁa\ éﬂ'ﬂi e P:{g;(flmtﬁ“d 156%0" - p

(0 Tnduotive sensof -

A~ AT — Vj&_p
prncirle ol = e
T e leromegretic ool aght- el o
~hiA ’%‘d@_ C)P cenddY @soltx n C:lfb.»/?e "
Podtion  d— e fuee ey o the  perivoment—
fﬂoare—L— teqd'mj o no a\'rmlje N wdoetena of
the. ol . TThe inddeced C ey (O PIse  n e
Cotl wHh Q\ro./vje in  eme'Mude cmd Ahe.pe *25
WOFO{HWM to ~ote of C‘haﬂfje C‘F’ Mewoc ines Tn.ﬂbﬁ'ﬂe{‘-




\ mvne—'ﬁc.
i  fve 08
consFLeton 3 - ~ o
M’*Fe_ P‘Vﬁ“’*‘*‘d . indvdtive  denso( leasl C.'o\uU _.

Conalatx

4 womnd @il tocaded . Bafiondcr 2L o

permonent— f"bévne’\‘ ’c—:ﬂm_aeoL

FOUAT r\a -

In "fe).';; N

e leads Aom e coll, emledded
canneakol +o

TA

o Conreciey

CQN\
<

A0

503000

OO0 O00C OO0
O O O

O

£



Jo o 2o Jo do Jo Jo. J8

-~
S,

vy

9 0O

C BRI BN B N Ja da

-

w
Hon effect- sewsol :
eiiwe g - ﬂcme
~
& P
M/ﬂfj - Ve
! Loentz
~r‘m(‘e
i
E HP —  Han' polential
i M > MoGrel | _F.e'.d
EC — Lierkic cuied !
' |
piinciple -
B )
hail effeat- el @mv-ﬁi MMﬂ%L w%rd{ﬁﬁfmb

s o a qduéﬁ« which chofaab loa the. vexd  Fied
$ e ﬁnﬁ@w&i of -Ferfo«ujreﬁc_ malevial -+ e sendoy
expelienes o waakerd mﬁrmc frietd 0 e clog pu&mv
e ferfomdreﬁ“c. malgtiols d‘ﬂ%*’&‘f’ﬂﬁﬁ%w
B tres  d e mogrel-  esh appendhiy okt -
cedions ode made do pad Jr”*‘wjh a
| Flﬁ Cwnien A r(ec?r;\raulaf in Aape. ad mqqane”Q i;
Jretd W apptied ab dgh— ame o Ak plane of Pk
e ewdl®B  ove dofiected Asmdy oo gide of e pele

g Ao Sde. Megativel hee ol o s
i EeY . cheied | ol oftey & !
cf,,adrjao\ Y. e Lo due lo  oepied moﬂre-’rfrc Jretal A

63/




Koo qp  Loentz ’Po}f'e - e *rreclfum'am P d@P_lea{-'for)h
s qieved by twerce 4 loes e and e on

te koam o eledhiotd

A X . Gt

- e Resrd -

& penod elemeqr N &aﬁ

A hoise.  shee m’w‘ﬁfef" (}an‘ua{—ecﬂ m,brda;q ntone§ .

. “he- '.dEdque_ a e sﬁef‘a’rh off te
mo\%n&Hc_ Perdd wmﬂa c!c,e Yo HE ?;ozmr-#J

QP’ the- obdéct feld -{ex:luazs e vorfﬂvj"— aciord He.
W le=> Aenbo"(’ %Na_) bmo?(:j . OUHDUL_ Poi e

deciaioN

o) 0.0

-~
i

mmna Hevic, ol i@ 7 Aol VU perthey achiana |

QQ QO IO
OO0 0000 00O0

-
O O




9709

e
e

D @099

e
)

J¥ 8 e

-’) ]
p oot

-
P
s

y

C B B I X

D @ @ ¢

(=
L

(0666666

1

s66080@

The ciiton makes e ideo! J_\filecﬁon _Po-(o\ gem?a:rxﬂxﬂfﬂ

‘m’é&w}b OP Stze , §:¢er8+h and- mPQOHa ‘o ale@'h'icq’
Totevlerence  pevention

e

« Ty QN oFemt as swortchey  ar H‘dﬂ “P?@WQVE"]

* They  cost19d ben oteck® mecharical  devicer

" TR PR fee foo  confect ke problem

R 'ﬂn‘—lj Con [Cé’—l ured  ondet coveve en'ﬁformen”’r“-{
gevvice  Condons I% "f*ﬂv ave mmme. 1o env‘ﬂ’gﬂn'ih%
Cm’mrmmho% |

° Ty n be  oswed any pldmity g ponitien and

d ‘ ; ,5 )

U\FO\ Sen'1C P{ofr,rn'rl' Aendov
/-\._/"‘—’."‘—'— e e
PNt Pte ; =
AN ; Hﬂd b’d c-H’& NnAGIA
The of_m&*l o waveds em

Neach He  pbeect and. ‘:De{— 16,0{63:2’[2& and "(Ecew%

Hoﬂ abool Ahe
the waves 10 Wﬁ ~the_ rﬂqﬁm’u |
Thid 'tjP& af.  opevaton A

when -the. gm a dlx om(»] aA

overence. of- Are.  obleet -
the ac}‘Drfbc‘a {:de
the ’(?rmzzmﬁ JC&"I Hhe orves CJe-f* bloe kecl b;j +he

preserce. o the oodect  ond. the  vecejver i]ejfz 5
Mo S'nar’m . ThiA tyre (A KowN aqy EER%SOQ —n




LAY '“‘>€meg -
ﬁj”/’? seeeel @g&o

#

e e g

. -ﬂﬂ‘k ’ a-ﬁ “,l,ulf'fl 1'1{:&"7“”{ A

)

oblect

»

TRanamittex ( Emtey

ond  «ecervel

Llruction -
ol B

L +his  tgre ad-  Sensot

s dhe  FonrduceY  which  dan ac both as Lﬁ%m"'? '8 a

ond  TecetveY  sypo &M 15 Ca\/esfecl b“-f a_ ~esn

Cblock  which - poteets Lo dose and hmtc:lﬁ:-]

FoY acoustia clmnf:'mﬁa . abagvber . wateriaf 2 pfo\flde::l.

Fitaly o metalic housing . gives :cJenerraL protzetion

ey retal Cq,b%'.'r?

7 / Tranaduwcey

Coble ‘
—— ReAIN

ﬁ‘
J

“wd
C

a—

(“'“Dc.

1,:3
€

D

e

Mo

cut

¥

(v
el J
(]
»
" Ce
e




27970

e

90"

-
-

18 Is 4

g
>

8 _le

D I W@ I8

-t
-

® ®®

® 4
5
- -

D

D

—
® |

‘_,_.)

> o

"

WEE XN ]

opHal Sentrof ;

’__,..M“ ——

| ‘optial  penbofs ave o similarls o vihesonic
Sendbots . he. Pfgxim‘-—lv. 4 He oblet s ng;ec‘téd
k‘d te . ochon ", L «Hqﬁ ,tr’f&\@xtifa ﬁ‘ahf' wove. ap s
Fﬁopwﬂa(t@ fror e Aranamitier and *ﬁz:»p{eci@fﬂ I:U

cblect  dopatds  the  veashve .

“The_ [;?h,;ﬁ etz de o disde s Locimred: bJ
+he fffmgbmate—f lens  on s e obleot Anface . Tre.
teleatsd ,jjh,ﬂ @ve;; Aqave)  Bock  and jeceivedd bU
e Lol stete Phd@ dicde Jrlmroujh a teceive( €5
wen e ohjead- 14  wih 0 dke 'Yonje_ of e sensy
ks W R,M@e to okttt e preence  op e
”fecefr‘lfe_'T. Te. B{O\r'ﬁ'é,_ i definad by e psiion
and  oxieatol o - e - skiect - anal  —the Jocal
ergth  of e lena




i

|

r

O

il ﬂwf " t"‘fu

e didfare  ketwsen e obieot and Ahe {::

oo hondd 15 neare Ub““a ke '{"‘ﬂj& 5o :,.u
N'HI“’)T\‘I (@S I'{o\na&' of- oFé'fa&bﬁ‘-‘Th&. " aatcdletion  of— +he ;_‘::

diskoee. A o Visual Pfoce«‘é'j\j "Q\-‘-J—Ménaa conaerts A0 ‘U

ue M Aokt Th\f!ﬂa}-‘roﬁ and  audidence of Ahe obstaces @

wn A b o e exmel loatonN and A «T_nefq,{ Ahafe 9

| 39

Hrexd the. P i e wolk ervelope.  of 3
adeistics  of f ( - e
te ot B dore by Srecial  appticadions, e e .
8]

Yo );enbﬁf 5
L ched
Teve «le sevedl  appiea

tod sokred  1ight
me: < i e e e o4

ke F'Jit"'subfﬁon (h’_;.g
B A D
A A

Yorge  findeth  etc + N Ahexe. e ((i.:
furdation cen ke (gt - sadce lase( b2 O o
olFeaonics = | | | O
| 0 N\_QH"Od : e

T anqulatid | _

T

C hiA 14 e STP

st o e techTquRd [

@
1 R . (nﬂ

Wnieh ik esxb‘rld demongiated  1n the fi g‘ffﬁ | e
oleck b Awept overl bU a Teelxd  beam  of- Sh&ff’ tu
.,,-U
l‘*‘JhF‘» e sendofl . facusted 07 & grall SPE | il Ce
obicet  mifece  detects the  teflected  beam o “ﬂ,h%' Ce
' r . 7 ance ®

- % o s e [_ﬂc;rnlﬂOrH . |
SRS N LA Ce
| o Sa

L



-

&

N

.
-

70 o

.._,
g

allans = ol 4he.  semdof o the ~okdt-

e

9 9

——
-

[ anan i

N
ek

S iy e T e e

)

-
J

18

-

- '_‘
H) ~—

-

D

)

obiect

ﬁ . A :
» . _ | L’. m'rne.‘ I -

() | D= (Ll rl-'Lz) RUGE (:qn/ej

J(‘.ﬂwr\e’ 3 l‘qn/@

DR




B m o, — i b

: -

. F . 1Oy

pesifoble - Poales  Hev  Sentols - and Flonsdueetd o :
PR —E\,_/\ v i —— C }o
R . - - - - Q

Featoies Funchions ©

Q

: G‘O

© piecision . shoud ke a HJh @ pwble 25

. ! 0

o pevialiod W measuenelt “‘e"d"j O

aheotd ke ofichee - Ne

' e

() pecriacy e shootd 2 as high as  pbie a0
' o peiol bketween _reased ValLV& and 0

. o _

acttal  Volle shold  oppiech 280 e

. . cO

(D greedd d | o Tie daen Ao ~espond o vadiation| OO
Reaponae - Shat A, 4 e rormau) gg

, * Rexprte Ao ke W—W ao

. mpteneoud

® opetating |- e Race. orefforﬁrj Jo ke aide Co
r{o@ae‘ ® Prccef‘facv oVel Hpe r{anaa do ke acceplable o j

)

= Reﬁo\b?m'd e |ife to ke hiab e
(‘\ ‘

- ® Arequent—  Jdier ae ot aceplable ({g

| O

@) caibadion | s - chootd ke cay o Colibate z’g
‘. D{"'H._ 4o Le iniroun (’b

o Shotd goke s e o Caibek o

- woHhet— much  Fpoble . Cg
# Cort anal s T @i~ --FG’( Perchae Shovtd b2 0. (‘:"b
Earf & TnMalotion & opaliov) chovd 2 %

AN B ewn oty




e

) @ 18
o

-,

R
990894

DI1@

=,
-

BB OB

[

D

TYEEEE X R

5

*®

APPh Cation cF- Lnofs 1IN Rokot
M’M S o o e o S S

(0 oblect jaentH cation

(2) Lo@grj Jhe  obdect

Vorfioble. dete chon

oot obsiwetion

coifol  reeded  fof e fask

(%) Motion CorSko!

(5)  Roket CJJ'QJ‘“”‘E

(&) FoXce aﬂ“—"l "Uﬂo{ce_

man! Pulfl)@‘

| (F) Emce.\—cd monttot "j

. corol -
(@) otk napection i A=
ad  selaled inforenation

(@) ’De't?e{fr{urﬁfﬁ the.  posfio)

bk e oblzeb tre okt &l
AL

R




O
O
O@
%@ Q,!

w

A. 4 (-
I!\ el ‘ ﬂu A n ) ﬁ
e DJ fo. &
1y

™

g
.

38888

_r

999998
Q
928




p—
S

0@

-

R NN BN R B M lald ds o @ W N

090 6&

D

|

5 Ro bot-

Rokot
AAANNS

the wolK cvc.fe

Cdhat e pwa'fam st EE

P’{ﬁjamminj .

The

P‘(c?famrf)ifj A 5|rﬂ110\’1

UNFT- Vi
RoBST PRoGRAMMING

A oot Pfogw Can.
F“‘{h in Space 16 ke ‘{Iouowed by ﬁha __ mant
cambined_ith _the pedgheinl _actions st sopport

o e o i =

Le defired as aq
F—oloft_‘(

| praess o ok prOIE) joeloky
%ch‘"ﬁ it the task to ke Feme’méc:J S{Eﬁr:? He.
| P—‘OTO\M ; execéf' r\fa e F'(oa"{o\rn anal debuﬁmcj W ‘
1t Aepl-Hme P-foafqmmma |
soteriopt,  oHiven  and Take

accomt  al  pmited  edowces
P—— _
TogK eviented
longoos
OFFLINE § i
| PROGRAMMING) .
5cfedwed P“ {am
( Tnalivect) ld”ﬂmﬁeﬁ 47"‘3
pﬁmi{:ive motion
N lorgoge
1 |
c}NL‘lr\iL: | Tea - ’
| FR@G@AMM"‘%
1 C‘D’iv&ct) ; Teaachir:ﬂ bd I
i lead thriovgh
|
|
\L Manual| T p |




wfamminﬂ —WP@ '

() Leod Jf”“’f-ﬂ“ Pfo,ammn’fmﬁ "Qoﬂ'L{NE)

(@ manar  leadh Atoogh Woa"iam“’"'a T
(=)  powered lead Hricogh p'foammmlf\ﬁi

| & (reocfl’u'al larﬁof*{j@~ (oFF LINE.)
Y- Leac! Th'iotph ijf rrmmU (on—hne) /

| '[gaal»-%ffrfwah Pwa'[amm!ﬁj "*(eaquw@g Ahe_ c@fo-ﬂh _
ts  wove “the ool em Wwﬁh e Sesived mobion
path QL»qa ea.ab Pfocecb""— , -—I-I')efebd eﬁ‘\'effrﬂ
Pfoa*farn in o Adhe  contiouel MWU Theve. o€
top metods, o tetlf‘afrqu A tead - +hfooih eah procadre}

. e Powe»{ecl leod — Hrouah %/ - :
»\' Ij [
¢ Manal lend- —Hﬁmﬁb o L -

(N poweted  leod ‘ ey B
&Mﬁ’”‘ ,...ewa thie .‘:)\ w
' ,{_yr{o(_)ah methodd Mo kES

+E Coﬁtf_fo‘} i—Hﬂ& B loOd

powest e dhe  doket et
¢ * Pat oy

and  weiat ..Hyfouﬁh o aefieh OP Po?ﬁll n s;:ace .
coch  poi- A {ecwded: wn A© e memowrc\]. r[!e’{
Sokseqpent Pto\d baak. oleff‘incd qre wofi C-ﬂc’,{e .

[




900009

g & » = @ B s

“‘“) o

B R Ix M=

-
-

D ® @

-
~

D

D

2e @

K X

[ W )

1t A note -{eaal'l'v L orea ‘%‘( CE@%—-@E“ P-“‘OU{O"mmma ‘

contol  box. with a  combinaHons ol teqgte switehey

dials  anad  butterny, & aeooldé He.  ~obst Phj Al ca )
movemedls  and moa-mmrﬁ}ra Cap::\b'llmeé\-

Aoy the Vatious  Sobot F’“"J{“mmi"q |
metod o petered  tend +rrfoofqh method i e i
MmoA™  Common wdaa RS S X lwfcdelU limited 1o PS‘_“_t_)@“1

i
i

i
5
F
|

the.  diphicotty W U,gmfj the. deoch pendent T8
%ét(]oloxﬁ fdeomeﬁb molien N Smae :
Applicotions 4 1
W .

) 'Ffaﬂbpe"( tark

¢  Machine 'oadfr(a
e cSpt uftciina
(b) Manval lead «ML m metne -

Tt s alko aled  as  wAlK --l‘&rfg)_;[h method -

s ommd?ﬂ\j

e p———————— s

wheve  the molion C‘dd‘i invones,  Saooth Complex cusve
fexd  moemedls  d- e dokst odm.

This Pfoafa mrn‘ma metod  Weqoives  the !
opeislol g Fhabxcmﬁ @0 the end -of -oxm ox Teols
attoched 16 4 oavm amd mowud rove. ﬁﬁouah the
molion  Aequen@ 'T’ECO‘(d?f'a +He  path In B the me;rb'{y

@D




s SPy pa*mﬁra :
. Psfa’wcﬁrﬁ
°  contincus  apevotionds s

Pc\vaﬂb—al’é of oN-UNE fi’\ﬁ’fo’mﬁ EZ

;}\!’—1 EQSa and  quiek & P ement -
7\‘} of:em'tfﬂ s N anfingus Toveh with  dhe  wof Kirp
envrionment” « gy j W4 eaAU 16 avd?c'i obstaalen .

~4
% No need  of- aKited oFE’fcﬂfﬂ .

Did c\c‘—‘l\ab\”&r@% v ) .
- M

o ot pmibe 16 In etrraié wHh  cADfeA®
1 ’ o
and  Ems s‘dém .

°  Not— guitable for moe o o  motond

@) Textcol ma&s (oF{:LtNE)

Rokot (&) Uaag have  been e veloped. Yo
caky confio) - motion of. Yobol quq‘ma A tlovent
Some. of the

sfoctre and aearr\e’tr'ﬁccl copabt fites .
~okot tanaoo\a% have.  been ceveloped !od mod?—Fd‘irvj
fhe. e':t'_!/:st@ ﬂene"(al PARAE.  conputer Mnaoqaeé and

Somre- a[L them  ofe

wiitten  in o Qg_mlddmd rewstefe:




S
W

Afg,,A, of- Robo’c W‘.

PrCL . Tthe ad\bnceal Command lqiama_ﬂ QﬁCL')
ke —Hendt 4| convevaatond

Féo,

'beOJC [qﬂamae that— er-ﬂplo‘Jgs a

ommond  epgioneent - YoSkoun OB DA [

U9 09 0 9 000

{f"* APT L The  Aotomatiany o anmed. Tools  (APT) anjmje
8 .

' (A a compﬂ_?*{ lanaoe i Sth  mofion . IE |
o was  developed U eectonic b‘ﬂb‘t{m A Labmo‘.'faT\cj e |
o MT I 1956 . I
P
A AL & The AL ( AYm Lana‘)ﬁe) Hﬂh level pmammmiv !
@ | laflgimge. "  was cleveloped  at= Ahe. "dokobics  geseadch
@ | e

» cedtie  op terrted omvef/_»ri'v :

@ AML : The AmL mjh leve) p’faa-ramm?r‘? !arﬁmae_
O ‘ _ |

o wd devetop er 0 oith  4ve  Jem ke )/

® | anemby oot A s e
® | - ?
- b level " mmrn’:ﬂl larg ve.
@®| peLp: RELP © 9 ""ﬂ ) 0 J F
® . ; e s Aue
o deyeloped  for  ore With  eenefal  ElECH Tb
‘® F aNs@mbtU ~obot |
(™ Wk “+he %‘f&_ Hla h le vel [aﬂa Ucﬁ,e_

® Iave. hWave-
. erested o Ff‘;dfammq'nj o kot - stantodd Avicial

[abmo—\t?ﬁ e velopd

o i [Q13 °




™

/’\\th: VAL- 15 a hucab ~level woafﬂmm"@ la/ﬁmaé

D

-

\E)&E\(\H"m j\_owj}c” X/)

.

developed v PomAm (ines o ksl ~Y
9
@)
MML « MML Wab & mw ?ﬂaba{_ ‘s
LO\ UJH' ch e C}IédvéfOFEd, "‘H’?&' ur’?NE’_n‘Aﬁcd ri : U
i 5 o 0
ﬁ__/ " f"}u
ra a g level tne_ P "’“’”m”v e
' cd oft T ( j‘;""

Colidernia - -

lanquage. - P
MeL : Ml in chot— el mwﬁaﬁwja Eﬂ-’rf( S
lanquage, o i dﬂYﬁfOPEd by R BY ;j:
It we U-s . £ Pres cam  podect S
O
o0

igh level pmafqmnﬁﬂy ‘ijmﬁ'e’
ov

Rf‘r!l_: RAIL. 146 A hla
de.vetoped bi‘ Aolbmaliiz by ove wHh ~obols (P
(e

el vision . /;cdgt—
( Tostetin s e )
leral) t“*ﬁ“"ﬁﬂ

Tel- @ I8L
seltad . tpE TEED {oFolh mea
Tralio ctions - Tel vk oresnsivained ‘C"“ﬂ“"“j‘e— i: ®

b

¢ ——————
R ——



s Jo B

B Bs Ba NN K

-
CE

W

6 - ¢ ¢ 66 b6 O6dO000BDODOOD

)

- i s W P ey @
Some.  of he  ~okot {arUmfﬂE’A ave. VAL . AML, mcl,
AL, APT , HELP

APT - ﬂuﬁmaﬁmir\;’ P'Toa‘(amn'ed “Toola
Al — PfssembtU mnawaa

AML — A Manofod V‘;'”\ci .larrjmﬁe_

Mol — mﬂupacwina cortod! {q(@ocﬁe
VAL — Victors Assenbly  lamquage .

AUTOPASS — a Tem landoege. ( Trakoction  Based Learm‘-r@

Pic!\(ﬂ“*'ga% of  OFFLINE pr q«m'rf7 :

° E‘U—’U 'tE éﬁmura‘fa

o Verifiation 4 piogiam WOuxah Simulaton  and
Vigwalizatian
Revre of err,?zsﬁha cAD doita

pisad vanlages

e . P@"m?fﬁ :

- Nf:e,olﬁ SKitt ed peYson ona 597:@ we.

No chare of  avoichnce o  opatecles N e

maa e o Ahe pfoj‘(arrﬂ execotonN  becaure 0,:@?5@

n’\::\(J et ke in ComnouA @n ac{f wi-th +he e(wﬂmﬂﬂ:”rt’-




o

/

Q)

(@

% %( VAL commond S
/ P M

Cbn—‘?o! statl'merdis :
————— M

MotioN N
Y P
APPRO P! z! - c:ornmncg 15 apProaCh the pott t
dislance. oo e onject.

z dihecton by Z!
MoVE P — commond 4y move the &M fomw e
piesent  PosiHon 6 Pt Pu
MOVE PI wAPR — Agks Ahe  ~okol 4 dove 1O poirt Py
W‘a)ﬂh et~ Pa
DNUVE(:}‘, Ax) —_ Mé\r& the.  Tonk T bJ an Ynciement-
o{’— AR (l’i%ﬂ')
DNMoVE (ﬂ-l,ﬁﬂr:@)) — Convnane 45 move. \Tor\!ﬁtb
,de
Lc:lo(. de ) b\‘j ‘mc-{gmnm afﬁt% of dler, Cizﬁ;,dé
'Te‘«_\.«gegﬁfe;}-d ;

7, T2 and J3

speed  qt¥dl  commond :

The. oped o e end offedst 4 3

SPEED V 1P —

Pfcjfo\m executton |

SPEED R ~ command to opevate e e endlefficty

ok R preent g e ol e
a- A4 Hre Gf— P@Tcam execotion -

09
@ |
@l



9029

9

-~

999

-~ s

iy,

Lo}

o~

@ 9 D @99 9d

-

®

@®
Y

(o |
(@

o

(®  prdion conttel  commands ¢
ARSI

P
HERE P) — tg,pwr@ te name of- a point as P

DEFINE Pl —pINT — The command defirey e port PL uith

(Zf‘drifwouwﬁfwe) oYz Cooddingles ard we« 0B W the

wisk  ~otation qﬂﬂl@_\

Rth ool 2\ pEFINE —  The prh o e end ebfcto! A

(Prr®) defined by te cnnechion betaren
POVDS P P2 o By i gevies

PATH | = pA

MOVE  pATH —  Moverert o He end effectsy on‘orU
padh |

Aelbinthon @

E .
DEFINE FRAME | c:la[fmed o s o, e B
= .f FE-’%
FRHME LPl ) Pl‘\__ O’f'ﬂfﬂ ’ P_Q Po'{ﬁ* QEOﬂU ® Q’J(j—ﬁ
ond \ 5 - poirt alory K1 plane

MoVE ReUTE —  peftnes A MoVement 1N +he Poth

nE
Fra foc  fome 1 -

) end effedst opatten Gmmands

wm‘

opEN . — ofens Q“W”“%Tﬁ
1o cloAl Keepin()

cLosE oMM —  Enforms

Clogé 5 LB ppples 5 Lb j'fiffe% ~vce

- —




an
CENTER — closas e T“.PFET Slao!cd 4 e establishmed™ o
of coffEet wh the okieet ‘o e _TTPFEJ | @

o

opERATE Tool — (mmomna oA ofE‘(OdfMU the foweted (O
"
EE

' T eplaced O
( speep N RPM) Azt . e the & TP T] ~@
\ getlo pueed 1 ¥
' \.\"‘-\ ('“"au
) opeation of ~he &M"’* : : ~@
A i e ST -y R .\‘_- v N2
5. e outbot B 9
SIBNAL I, oN — The o] SEIE @
wd  toms  ob 0 éta:a—e, i ©
P-;gaw $ad
sianAl 5 0FF — e outpr RE S o, ot W O8
_ - 0e
WA 3, ON e clevice a“:vf’:&, . ﬁeed b"_CK =g OV
Co

\'nd:@cﬁrﬁ' frob W 1A o0 .
™ g'}caml (o o.n:]’) Xe) Ii,:u

REACT 16, SAFETY — & C]":fe'
8

e rrﬂFLDt lif’e L6 , _
' 9

5 Are spb—tovfinie SAFETY - Co

abhootd k2 cevialed




® ©
® | . .

;_: ‘Roket Pﬂmmmﬂ Mottond : (manipu(a“bw‘ Poth cdff‘TOf)

&) n ConfwnirU e mpnipolaloy  wWe afe not— OO'U
B | idlewested 6 end  piafs  eached by the ‘obot  Joint kot
(3]

;; oo i dhe path {oliowed bﬂ the. f_‘lﬂ 0 'rmferl'ira PF{O"D
o 4o | Pt 5 onoter iy e WOk .Spxe -

8 Thete. e 3 Common  types ff moton et o

ﬁ r
| r\ Yoot meovpoldtoy can make o *l?ﬂ"ie""‘a —fron ot 1
. f:\ Rj‘.n'!“ s TheU ode (1) 5|¢w motion

o \ @ Joiot (W& plated  motion
. ﬂ I\‘\.

- B k@ant e mobion
| o c:uU \ -i
(g (1) gkew n'bHon : |
;: f L .fap{eﬁeﬂg e Sinplest Kipe ap. moHond = Ak

- te bt 4 Commﬂ‘—ed —t6 Wave) ~—fom pot A s

‘D | mirt 8 , eoch or:c'ib"“._all e mnr:pu!cf’(é’f Tavels  ar o{uTcmVi

i
§

@ | & P —fomn s '%peewe_ .mﬁaq RSHIon s HE
(h ’(eq(-’l“(ed —-pff’t‘?d M!—Hm - (-TFE"(E*PO'E all aAXEA Eﬁ@in mo!{lv [

at- 4. Aame AT, bbb eoch oA erd A motion

ia ! 0 an  elapted L Ao A PYopottionq) 4o —he p"fcdue“h

O o W distave myed o0l He ©p tevemn <oeod » |
|

~ThiA mo-HoN ﬂeneiouv ~NeroTls  in unnech

&ﬁ! ot on  +the Joiatn andl often  teadr a3 W{:&@
o LM e P 'QG

Lﬁ YeAoHs in “levmA GP the @th teken l:v +he. mmpméﬁ
oL |
& ——— . ) —




8

I e o

' ~--—;.-OQ
< T W . ] ?'. N
(3 Tont - Tatenpololed  motien - , _ gog

Torr— rlfft'{'{Pala‘[e_d‘ moten feqoif%. +h2— ~obost Conﬁbfleéc_):
5 aicolale A onbart- _a{ﬁ- A e o take. Lot E;Q
enoh o~ —to= “@ach T8 dextination o Ahe cwmqrd@[@‘:
Apest - G Ben Loty e maeidivmn Hme. qmrﬁ 29

Heae  onad  0keA Ahl A vawe ap e tme oy ay 9

Ao oxed R ok Hot- A AepeAte Vetoa‘da fA D;
Co.lwtﬁﬂaj —Pe{ cach o ‘ , ' E[((;Q
oe

o1 laipolated  motion !
G-P- qoﬂl—-—ﬂ" Pola o8

eewr—

“The. adYan Eaae;

o

oved glewd mofion A el AL ore gereatty’ 0@
. . i
1 : O
diven - ot~ e Jnr e faveaive meddiad) Veloairﬁ% !O :

As @A mdotEiaoce.  prblemAN b He  whob . - log
. 1

Ao Ahe Path  Ahat 1A feowed lccd te gt Ce
. o

s epalabe  and  predidabe  oqdes g e Bl *%Og
"H me- on a Commnded velo C‘Ha . &k.% ) goe
' Ce

(® gﬁoj W -t avlbion :
P~ AT A R .
Tn gﬁa&dh{— e, moblon W Teguiiey,  the end -

e mn‘tpolaffﬁ acy “Fevel c\lonra ' Sl"ﬁ@h{— path d@(l?rﬁrU

C@

Cm

)

ecf‘{@rn;)‘ cootlind®s . A 1 ke Mokt Qlarrnfpﬁna 43?&89
of-  melton ot e ooitotef  § execole dov o C;
codtBlen  Copebiale ( LLL) Yoot O
‘e

o




. Js @ )

9

—,
¥

g N

»

g

2P P20 DBDD

5

(o
@ |

|

(@
PY
™

&

®

LA

7S

oS
*Y

&

Fox oan polalefd wrb  Apta tiem | j’éin@’f oAt ghﬁ?ﬂh{—'
ine. motions a2 walldl ol e confouey must ampole

4re.  aeogene o noveredB!  Jo0b  <aydited ot 4be eny

of e ofm —“6  mole 0 a l‘megr{. fasbion -

‘ ’ . . 1 l
. Y odhesives
o opationn.  sch ay alc welt d“"a ’ l"\‘a“)‘a

along a gWa’.j\N: path gpqud Fl;“n-{-'}{v and iné.e'(-ﬁf‘a Q

A A oS -
WAIT , SIGNAL AN DELAY <

P I e v

: ation
w05 a P& 0 an asserr\bu opeY

;%mcfﬂ:{  serd

T I wcﬁ"c‘“'

mien toc BA - e most
_____-:ﬂ"—--_(

At mal@!?la\ *055(1, can  be

sigmis g wat e "\sﬁamvb ot rﬂa
ml IEd

r o eclete  tre oot 'A

cwmn’bﬂ,pﬁn o} 'tﬁ-re'ilcpck '-_/_{,caml
e eflestsi -

o

asolo! tre aapfe'{ . ~olly  oe ”%Pq(_hlv

(o T l' ,
c@o{d'm"t'eél Orh  oheyr  devicex 1 “re. a2l oo

{ t ington we apodece  two
10 aC‘CofﬂFlI/Sh A Cw{c}’m&) r

dervs pNooYam)
commonds ot @ ke oradl clunr'rj e -

e  Lrist  command A SIBNALM -

SlgNAL M -« Tt aaloc® e Aokt contiolte  te  cotput |

1A one GP’ SeveYo|

conirotter

a SE?MI 4Pﬁm)jh line. M weve M

oVt put  tiney ovail abte 1t the




The::
L]

DELAY

} “THA
<heol\d-
ﬂ'e_ﬁﬂ'{’

Tz Seconed- Corﬂrﬂo.nc:lr 1A WALT N

_ﬁﬂ——-—"
onkil ~NeaiveA A Alam!

o e N o Whete N ib one- o gevewl jopot™  (neA
oNartebte Ao e ool oo ney .
A whT ’mz;FrTaa&?oo. can e ?{gjafqmrﬂecl - 4o QCQPKT?PTJ'{)]Q -

e Jeed LadW

_ﬁ-ﬂ-'

T4 ‘ind:Ca’tEA . ot ~He_ "foba%‘ shoolad wa?t—

othe qdéfr'qlixg _mmnci s PELAY 'xsea

% SEC ﬁ_f’;ié ’ Corhmqncﬁ. 'lé U&d «_‘-_xé"" @\Oéi”{#ﬁ_

oot to CEE@J
e okl wootd- ke P‘foaiammed B\ wart  for .
S::?ec}(’*iecﬂ- oovet—  of- e B e \AHut-  the

opesiatto hoed Naten place

s Ccormand

fioS Otf?rvmﬂ“— "‘(a‘\h?.‘f Aot an ‘m'PUJf' une . -

Commnoney- mqfnuﬂ

wat % Sec@{é& elbre [Noceechnj
‘5@? N e p{qﬁd'rom .

%

L B W AT s SR




— S o

N

|

5 &

"

PR LR ANE NX AR A K E XK E X ik ki |

I’j‘ij‘.

: % malie = g

: 'L\ g " f.

- — ot S
P " P &\ )k Al

Most  confrolieta o indodial  Aobsbs Plovide. a

| method o i d;n\c, the. moamm nts oe of mote
bnaehes «  granchioy - atlows  he yokot ~ pog@m =
AS0b dwided  in B convenedt A&a«eﬁ’% At @an k2 execdted l

,_-lu-ﬁna ..ﬁ;é_ F-(oﬂ-mm '
\

\ A blanch cong e ‘l'st?H— of a o

sobdootine Mt & ated o of  more ™ ﬂk““’a
\

\

PTOTG"” " he \\ oot Con be  execfed bt bﬁj
Haﬂc‘h““ﬂ ‘5 H GH' o padhicoler  place 0 e ‘P‘C’TM

\

Ahe_

S

A

at b'd ’JIEEHVU an '”PUJ‘ g.aml e 5 branch & -

E;faﬂC—HvU method 15 -'ﬁea{wd LAed  on

" ‘s |
gﬁwd poarrﬁﬂq 'iohﬂ'E which have_ been P‘Oa“f"\"“”&d 6 i

| mitk o hmited Vm‘ae+d o pds n.,mﬁoa past the

E weksteton o a cOnvevm’-
! phals elediic ety ane ”QTEQWWHJ emPlc«Jecf |

i

!

~to ?denﬁfd the  pot do B2 /.sfﬂf’«uezl ICU df&HﬂJU'@?\"?

Letwren e aemf‘étf:c '#e“\’*o% D_r, —+the dq-PP—Q'TE’_ﬂ'F R?'TE
A ~elocslable bfonch atlowd  the P{dammz

10 Sﬁfcch o byonch ;nvohﬁoa a set o incvemerrtal

RPN gpce mb are Petfoimed  velative 1o Aome

defined fz{'&-(-ﬁ 1’3 Pol N+ _&y( +he byanch ‘

—_— e e s e e e -+ S i e P ST,

(72




O ki Rony Tacha GRIE P (oabe @hic]
"@o@w cm ’“461'111 )

| @ e nﬁ‘ﬁwf 15%\ L"V\,

&

] LA Nz B LY
YyYyYry.
J

o Il
.e @

r"‘:_, R
. 8

b _
il

rg s

\
i

||




