Timur Nurullaev, Graduate Student, Computer Science ,

Robotics, Homework #1 \

1-1

Compared to other automated machines, for example CNC milling machines ,robots are more flexible,
than are specialized machines, since robots were born as a combination of two technologies :
mechanical linked machines and programmable machines, such as CNC. The ultimate robot is the one,
which can “think”.

1-2 Forward kinematics- determination of the position and orientation of the end-effector, when given

1-3

1-4

1-5

1-7

1-8

joint variables.

Inverse kinematics - solving the joint angles, when given the position of end-effector.
Trajectory planning — determining a control inputs for a manipulator to follow a desired trajectory.
Workspace- total volume swept out by the end-effector as the manipulator executes all possible

motions, which is constrained by the geometry of manipulator and constraints of the joints. -
Accuracy- is a measure of how close the manipulator can come to a given point within its work space
Repeatability - is a measure of how close a manipulator can return to a previously taught point.
Resolution - the smallest increment of motion of the link, that controller can sense .
Joint Variable - represents a relative displacement between adjacent links.
Spherical wrist - kinematic chain between the arm and the hand of the robot, whose joint axes

intersect at a common point .

End-effector - the hand of the robot, the actual work performer.

Robots are classified by their power source(electrically, hidraulically, or pneumatically powered) ,
application area(assembly, non-assembly) , and method of control(servo controlled robots or non-
servo, open-loop, robots).

Non-servo robots, which are simple open loop robots are mainly useful for a material transfer.
Point-to-Point robots are limited in their use , they can be useful, for example in making a predefined
number of holes in materials, since they are programmed to move between discrete number of points.
Continuous path robots are widely used , for example in welding or chip manufacturing .

Continuos path robots can do welding, which p-to-point robots can’t do, or cutting according along the
predefined line, or polishing of a materials, or plotting the complex lines, or car painting ( if point-to-
point robot would paint a car customers would complain).

A computer vision in robotics would be useful in the edge detection, or for a moving robot avoiding
obstacles is also important, it would be useful in color detection in painting, in automatic detection of
the intensity of the light source ( robots, that can be used in hazardous areas ) and so on.

If every factory in US will be reopened tomorrow fully automated, there could be unpredictable
economic and social consequences, let’s say a millions of people would be replaced by machines,
while production may improve, the social tension would be inevitable, which could lead to a mass
disturbances and revolution. Besides not many people have been trained to maintain and program
robots, some factories may experience a shortage of qualified personnel . I think, that every technical
innovation should be implemented gradually, bringing prosperity to people, instead of suffering.

The law , that would ban all future use of industrial robots in US, will significantly slow down
economic and social progress, this law would even destroy some major technologies, such as modern
car, aviation or computing equipment production, since they it would be impossible in our days
without automation.

Redundant manipulators would be useful, for example, in material transfer , let’s say it is necessary to
finish a transfer faster, than several loads could be taken at the same time, or for a heavy loads, let’s
suppose, that a load’s weight exceeds max capacity of a manipulator, then a redundant manipulator can
be handy to support the other manipulator, just like human hands.
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// Program calculates simple two planar robot kinematics.
/7

// Input of angle values in degrees, not in radians.

#include<iostream.h>
#include<math.h>

void main ()

{
float x, vy, ql, 92, al, aZ2,D;
float x1, yl1, qll, g21, x2, y2, ql2, g22;
float a, b, ¢, d, e, £, g, h;

cout << "gl (DEG.)=2?";
cin >> qgl;

cout << "g2 (DEG.)=2?";
cin >> g2;

cout << "al=?";

cin >> al;

cout << "az2=2?";

cin >> a2;

x=a1*cos(M_PI/lBO*ql)+a2*cos(M_PI/180*(q1+q2));
y=al*sin(M_PI/180*ql)+a2*sin(M_PI/180*(q1+q2));
D = (x*x +y*y-al*al-a2*a2)/(2*al*a2);

cout << "x = " <<x<< endl;

cout << "y = " <<y<< endl;

// Inverse Kinematics, use x and y as an output of the
/7 previous solution

<<{atan(y/x)-

(atan(a2*sin(M_PI/180*q2)/(al+a2*cos(M_PI/180*q2)))))*180/M_PI
<<" (DEG. ) "<<endl;
cout << "g2= " <<acos(D)*180/M PI<<"(DEG.)"<<endl;
[
// Velocity kinematics, gl and g2 are outputs from previous
/7 solution :
e e
cout <M "<
endl;

cout <<"joint velocity qll=? ";
cin >> glil;
cout <<"joint velocity qgl2=? ";
cin >> ql2;

x1 = -al*sin(M PI/180*qgl)*qgll- (a2*sin(M_PI/180* (gl+g2))* (qll+ql2)}) ;
yl = al*cos (M PI/180*gl)*qll+ (a2*cos {M_PI/180* (ql+g2))* (qll+ql2));

cout <<" end effector velocity : x'="<<xl<<" y'="<<yl<< endl;




gll = (a2*cos (M _PI/180* (ql+g2))*xl +a2*sin(M PI/180%* (gl+g2))*yl)/
(al*a2*sin(M _PI/180%qg2));

gl2 = {( x1 * (-al * cos(M PI/180*ql) - a2 * cos(M _PI/180* (ql+g2))
) -
yl * (a2 * sin(M_PI/l80*(ql+q2)) + al * sin(M_PI/lSO*ql) )
y 7/
(al*a2*sin(M PI/180*q2));

cout <<"joint velocity gl' =" <<qll << endl;

cout <<"joint velocity g2' =" <<ql2 << endl;
/= e e
//  Acceleration kinematics
/= s
cout <<M"—mm;; i i i o 0 "<
endl;

cout <<"joint acceleration gl''=? ";

cin >> g21;

cout <<"joint acceleration g2''=? "

cin >> g22;
®2 = -al * ( cos(M_PI/180*qgl)* qll*gll + sin(M PI/180*ql) * g21) -

a2 * { cos(M PI/180*(gl+q2))*(qll+qgl2)*(gll+ql2) +
sin(M PI/180* (ql+qg2))*{q21+g22) );
y2 = al * ( -sin(M_PI/180*ql)*qll*qll + cos(M PI/180*ql)* g21*g2l )} +
a2 * { -sin(M PI/180* (gl+g2)) * (gll+gl2)*(qll+gl2) +
cos (M PI/180* (gl+g2)) * (g2l+g22} );

cout <<" end effector acceleration : x''="<<x2<<" y''="<<y2<< ehdl;
g2l = ( ( a2*xl*cos (M _PI/180* (gl+g2)) + a2*yl*sin(M PI/180* (ql+g2)) )
*

al*a2*a2*cos (M _PI/180*qg2)*qgl2 - al*a2*sin(M PI/180*g2)

( —sin(M _PI/180* (ql+q2))* (gqll+qgl2)*x1l +
cos (M_PI/180* (gl+qg2))*x2
+cos (M_PI/180* (gl+g2))* (qll+ql2)*yl +

sin(M PI/180* (gl+g2))*y2 ) )
/(al*al*aZ*aZ*sin(M_PI/lBO*qZ)*sin(M_PI/lBO*qZ));

a = —al*( -sin(M PI/180*qgl)*qll*xl + cos (M _PI/180*qgl)* (gll*yl+x2) +
sin(M PI/180*ql)*y2 );

b = a2*( -sin(M_PI/180*(ql+g2)) * (gll+gl2)* x1 + cos(M PI/180*(ql+qg2))
* x2 +

cos (M _PI/180* (gl+g2)) * (gll+gl2)* yl1 + sin(M PI/180%* (gql+qg2))
*y2 )i '

Q
I

(a-b)*al*a2*sin(M PI/180*q2);

Q.
I

x1*( -al*cos(M _PI/180*qgl)-a2*cos(M PI/180* (ql+g2)) ) -
yl*{ al*sin(M PI/180*ql)+a2*sin(M PI/180* (ql+q2)) );




(]
Il

al*a2*cos(M_PI/180*q2)*q12 * d;

h = c-e;

922 = h / (al*al*a2*a2*sin(M PI/180*q2)*sin(M PI/180*q2) );

cout <<"joint acceleration gl'' =" <<g2l << endl;
cout <<"joint acceleration g2'' =" <<g22 << endl;




"’/lf ’aw (35 carSibe s

P o 4 -5 ‘- . )
_/; f.‘—‘l 2 - [’“L + [ 2 el C/
e

w =z Z/(/ (i = s (J)

. Lt ol es &

4 R(r e {L'/; Cohry 5’"{ ‘{L\(f [l"Vlt""C:lV [ /‘:‘" “
> S b

o -t ««V’hg ({ — co= (;L—)) ’_N [ V_v_ (.Z -y f_f’_/i -

L€ a

=
g {(;, el Y wa \

< i S / zﬁl' IS
> - SR red e o A e .

- {f e "((1 / :C'!i'lf"n L / { r.b [ l/

Ia! Ty e - o T2 S -y \\ c— \\
; - / P ‘{ w Fy sy (V’ . (e ( ;) — 7y / \‘ \
KN n \);\\» —Z-\ \h\ﬁv N | S ! \'/“‘ ¢ h/b/(l

- v N 4 N £ x_yll\, ; \ Vs
/\{ S \ ! j\" \g\#}’l ) f' /
vod \ /

_ S o C S T 05 . 20g 2 (FCF ()

Re se lomdice C‘][ L€ { coe “(/<’ ¢

> U GG B (e )

N

- _7[ _{ e me ot s /\ & 7[ { = [ V{4ey To - JFE T35 ,

A - = e solw Lige) - €. €CElEY .5 o = 2T € s

|— l 7“ S e O ¢ b [)(7 i ( ¢ (‘/:";) /f L . = f /f << 71.6} (N/ /:) FinTe /y

dm

( ‘ ’é he Ceo V77L7/ el retfe [ i ( allt fhe Crirotb s
3 | o
we rer % o Aj &y { - P cnl € O by f e ol {\3 4 47'/0‘: A 2
o clék V:)'(b(és W€ bt -%01‘ ) j ’(“‘Cf V‘}/D‘?*Q\{P’“‘é/‘t“/lﬂL?
: . K ‘ e Lt el —,L L T s ‘-4'{«1 " G CC Gt b < C_‘,’

L
7 ; f
( frricYve ceccer s /(;,)

o —




| - 1Y W +(/‘0 -,L(:\(; et He? o-f (?l‘k(V'&‘c 4 eyl - (a = mcf > en S,n(?
“(”{flG’ VY")CJLV)IFuz /C} "(C(/ &C‘C({l}c}x(;y A Cote (ﬁ/ Q(?
; vy 7) k(;)(.'/ e ()[, :’ b C:f M Q c l:l ‘ i g E/{ CC g Ve (—7
4
wowldn 4 w 3‘:7[@( + Ahe €. e,{v[ec “Fo o o
- { V J ;
7)() S 4'10&*1 ; /\’/ou,u»? vee Sy MJ ¢ mc( 73(*« (Li € O(/’[‘VG‘ < f
L 5 1 i C (A €50 ¢ éc—/ {n L 'fVOC/Q(Q ne eIy {—? \‘\—J

e ‘SQ 2 e PRI ' Y . ' . : ’

b “ >a(gh13h C& “[C (:/" ?‘«Ct/t/bi‘ne’;q f c:"(.[w.C(/ Ce vy —
/3 {6;’»(‘ e ( f[ N/ ‘t[[z s w by 5([;

e ot (;';0/ 4/(/‘/ cerb e
Sy '7l‘:‘ <A macClicue <, ')

m1q f

Q: = Oy T @‘}

Q5 = 51('09(,—%——-)

- >
fo 2 Geos a’t - o, +C)

- ,\...—
Za, e ¢ /

g : , ~ ‘ 4\
L e ,( Ca e —{ s ‘//1/ ] \
ccconcling 4

N

a4 ~ T

\ « A, < - ¢ 21 hax ‘L(‘:)
@ T Geool X > - Goe s SR :\ 2
’ ’ - A <,

(-— -J;Z

e o - . : p ‘
o X oz —sin € — dsif 63‘1‘6})

g o= ees &, 12 cos((€, 4 62

@ . -
s - 2

X — o~ 1 “27 - _3”-4( _l;\) = =) FOq -3 -~ :5"7 »

T

(:I Z cen T +$c;etfs(f—;£> = 0. 9C¢7
I‘}’/’fa




Déifluv('é(ofr"\ Off “‘LMUG)‘KS()
.

CA l n\(ﬂ/\(: - Aae r‘r‘zu“”{"%(i, e~

et

c T S, : o B . ) .
—r‘} &J— N — SN (7, . a, 5'“[&.*0‘/2) ()2..>gy‘,(6j'_f<‘:123

G, oo &, + e S e
g i “z CO;(@)/ "‘@2) A, C'@g[@,'f@z)
- ‘ . : e e 3 ] -

(QI/C"‘;”S @. 'f‘&{z o (@I f@‘,) — 15""" @,“G'z 5—/‘»1(6I~~f'-(’{ '

&

l
X - et . e e s i £ e e —

((\C’ﬁ!(»;h €’~ iy -Dl‘f?/c‘/ +6/£)> C(z(o&(@ +Q2)+‘

o

+ (( 4, w=€, +qz<©‘(§‘*5}?)) aeS«h(Q +(>sz)/

.« D a"o'nrD( "{J (f +he (f@'f(rr‘m,h“m»{ & Jp'lf

L R CRTCI B e Q) o)
R R R A A o

= A, Q, (S‘“ ((‘:+Ca)‘“—"=‘t€/ — = . CC/S/&/, +/”2)>

L Y e

/7
Sin( €10, — @) Beerting
Ny

o \ uw(a é")- Siute ol - J/wv;:,\

- —— A, et

— “U,Q, - &gh @Z, )
\ — f"(ﬁ 1{0 p’/’i’)é vUE L7 —(-




d\fTQIOC‘i”{d Kivnematics.

92'2:»(4{ S @, (Q«-——-Gz 5'”[5’1‘#@)[&, +Q7)
8 = CA'C(/,& 6)' .@‘ —+ Gy u‘z(@l’(@a) (b); 'f@z)

g‘ {; ] &nd{ @ - [@i;( = =
J - @
. L Sl B, Ay Sl (64@2> _, 5}1«1(. C’:;','f&g)] @ ‘-

A Lo Bty 805 (0,1 8:) &2 o3/ &, 1O2)
& l ,,,_..-.‘
= TQ =z > Q = j )(/ - >
i/ Q,‘] ( Uy cosfQ; 4+62) a, =i ( g,+0,)

& a, S T, ot ©, - as o810, ) ~a St G &5 B

= Qi(‘: a,azsing, [QL(((@ 46}2) X+ e )IW/C ? 2)\])

~
t

& 2 '

+q2~>(h(Q+Q)>> \/

_/Z,C?(‘e/@k'oc{}c:h //\:V)OI’TEQ.{(‘(E.Q

PR

5,‘ s a2 € (@)t cex €,0,") 1z ~[—s.n(Q,¢@ly@,‘4@;)2+
~+ CC‘S;(G}‘.+ (Ja)v ( 6?,“-"" QJ))

if
ji

B | LB b ’1’ 2 A AN v 4t oz “ . .’“‘
— l‘[c Q ((y,) + Sin &,- a ] —dy [CQ}{Qj 462)(@‘14‘1’@2}) 4 S’.u’{@ﬁ@l)(@'(#g){'ﬂ




Q i Lo cos(@e @, Yo 1y S (@4 ¢ ),7 j u,az ws &, 6L ! -

¢ . U
((?, oy Sy gy (‘;Jz )‘i

— d,a; sin 6, [ A2 (-2in (6,46, )(6 6, ) 5 'y cosl 646, ) x4 cosfo @2) X
(QaQQ";'U7 @JBL n
x (Q".f o ’_)JQ &;h/&,+@z)a\(]'f)]
((/, Ay > 6»_‘)2
6; u’: [...(g‘ (‘ )H\@ 6/ ! Ve -f cOs @ )(u_,é (C; 7 Lv 1 _‘Jtn&‘) flr/) JU—
J (5 é/l i cl '2 )l v’ Ql )2 T CTTT T .
|
| | | |
2 (_ Sn (9402308, 1@,') x4 cos (575 + @2)" % oS 4 €y ) >
] ) ] oL
- ( A, w0 €, )¢

N ((: f\k/‘ mh{@ 40)\] >J as D vy 69«

( a,. S:n Qi)z

— Qo dyces B, 0, [

x (“‘46&3 ;*w(u(«’?*ﬂ‘%)) J /q ””& td, >¢”(Q‘f€))l

(s, o 0 )* Y




