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A =ex]
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| PRODOR RoBOTIZ ACIIE NA NoVA AFLIKATIVNA PODROCIA

e dr. lgor Kovat bl HEE
| Woc 9 /1 lav je ofoli vobota ‘
Jiiﬁ{ptflgmi bontalt 2 obdelovancem ,(fwhzm{'&ka *olc(inc, epaciie V_F*?Vifé‘bi RN

,f«g‘@mtﬂ’ﬁ vpeljpe eknnsfns,\;\ vi&i\e,i, vpy,i 3~nmev;5kxm delu dg ma\ YQL?J‘KVQ,J(-?_Y\;DMSJCO upv}yii‘c'tni (1 x;)‘ E
hiteostt (prednoisk je v aanesljvosti in stalnosh dela) ||

Jzdelava peffonovih turbin ~,(roc‘ma brusenje mdomestih 2 rebotskim 2)

Montaya selezniikih zavovnih folutov 8 S . '

Prenalange rezervoaqjeyv 2z gotive
Pfenasane de Jov 22 komprescrje

-

Moml’ilo“ka ino\ush'{'}a _

fekeibilrotl o | | | 4

esy 1 L LT T T T T e

| ielélni?'kz in&uih@ﬁ _

—
|

Letalska in«hsh@a
7 Gndbem}ha

| p‘o\‘?—ﬁv_avt)b +‘1I<ovg>€v' |
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~ KVATERNIONI|

Orientacijo (ahko opifemo 2 rotacijskimi matrikami

L kva‘femioni (aopir in_tacunan)e )

[N

_Yotagiz ok@\)

vich 3 osi

. @

L

“’;h\
D

Rey {(oﬁ, EulerJevth' koﬁ,

=g".4+ £4.1’+22."+23.t7

realnast, erotski vektotyi

prg = (Pt go)* ([t g% + lpar 3207 + (pivg, ) K

Wq = WGt WG A+ ngf-+mfzxf

\sota kvaternionov :
Produkt s skalao'em :

Konjugiran kv.: z* = g o =g X = 1’—7‘ - gs 2

Tr=1=42=k"= -4 = yk
Mnozenje kv. [ni] komutativno, 3
114 3 y_E_ T/J\?
1 ,(4 X & %
g £
7 ;’//3 £ -1 X
Elt 5 -1 -
- o
i Al ol 2
2° 241;*315’}*1,?
da ke p,g

pe= (pt pud e p g +pa )t g X+ 2,5+ 3.K) =
= Pt L (pu Rt pf r pB)r P+ 0 F + DB Y Paga X+ puga)R+ pag KX+
- a2z Af" - z -
+ P,‘g_,/tgf fzz,,g +P3$7-tﬁ 4= Prd; Tk + PZQ.;it*?)Si?F— =, ..
= Ppedur PR G P E Epga-Pede Pedst (p G- pega)t (pegam prgs)* (Paga= R a)

pa=pgrpkt g p-Pi+Pxg
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__t i
—— Orpg=p-pi Q’:h Pipxg

 Primex:

e —_—

1= pa= (17,* Pg+ LPEPD P

r= (2+ f
il LSS 4 ] "'NJ i
-2 = 22

mln’a iy

= Pedo~Peda= Pida- Psds

r‘r, Pe i P Peds ~Psde
= Fo 22 92 Pl- P2 Xa—pa iS
L r.}_, sl s 2P . P12 = pga

Ehi. [f- 10 hlFd
r‘( = F4 FQ -f’ F‘!' 3"
L.} f2 Pz P =P o 4%

L B3 Pz P P pe s

R S

_ (as-7+5%) (3 44+23+k°) €*3& 39+’l‘5? 33 - 123 +‘rgk ~S0Fd + |
" T

thyrERy - 27 +4o123+212+5"12 3IZ+ 5= 6rIr “3prASE 28X + 12-4% 207+

G rCE+2-01+2K ~35 SR -6 = A5-101-225 +13K

-

BR TSR,

+ 3o f= -1
} L 2 1

])»(ﬁm)— 6- [3 15]{ }

5

S

-3 4 -5]]s1 HiB

8. g =5 =4 [[~*] [+10
e e 9 ~§F 1 2 -22 ;,
€4 3 21}4 19 |

=(z.+2‘)~(0+r17‘i*
(»zr ¢ 4.Tat ZxT)- (3. -3)

vekfd ’ R
Lalzr
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bl GG gx) g+ (FRIF+ g2Fh ¢ 4 (5 <B) -
- Zo (r'l’(z,)’ 2)( r’l Xi i(ly’l)

-,\ R A LN
S (1au+ (6-3)3F

= 917, +(29) V1+\m* 29(3¢)

e &

P S T
[jx'ﬁ): [24 L2 33J 251 = ZnL,] (2.9 3]

i’/vx Yfl\/ rdz
N 0 -9z 22 : ?,42 {12z 94343
ty= (g-25-92-93)1* 29, (82 0 -g [+2 | g, 47 .4,
B 4. O 993 9.9z 95
24049 2(B-2.93) 2@as+1.9.) PS
K = 2/3,/«21'*'1"5.3) 2«’2’7141*’1;'23‘ 2@233 -~ 424 Ipyevmoréa iz kvatern.
e v B mafife

2409:-9-99 26295 +3-97) 2979 +q7

Kako 1zvazimo kvat iz znamilh denov tot. matyike ¢

D giegleghe gt

fan V4 2 V43
= foa Yoo Va3

POJ and
V34 6 I

__JeR| , E.
h‘-l‘h'lkl

t it Voo + s S

Y'M - Yz:),

o

0 TN CY Ml € T

O
~
1]

—
=

o
-
"
LS Y RN M—\

Y- Yoe + Y33

0
w
il

z

_trace R = W+l +ty, = Zgﬁ 1, f)_1 i; = 4q. -4

_er..
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_7apis kvat. primeren 2a opis rotacpe

-

zi_ﬂ,,cas'a[ Fyng - S 3 - enctski vertor ™

- o P i e g
,Azzﬁc_‘?vs% + S5« Sinly{* t SySing 4 * S Sing 3

vstavimo v (of.mzhikq
I S il R, S AL
‘ +4

hymgiegi-gi-9i v giv2gi-av-gi-4g;

?

201,_29(41_44_2:—:

e £ ot _ ,
= 292+42g7 -1 = 2cos'z + LSz =1 7 T ey
s = Ax cosV'+ 50 vees VoA = cosV+ s vV 3‘ cos‘—g -san”'; = cm;*' /d
(st sspwWessV svVrssy | o rsinE A
@ - R= | seyvWrssV sivve eV SySe vV = sesV” ' 2eos”Y = A+ cosV”

Sx Sz v V- Sy S‘«f : sxs%y]f+ S8V ekl " Jx i Zsmz% =4- CoS‘lf: V’?S'lf/
i A

fa kat. ima bkino of. matviko

4. Zapisi s keaternionom rof. 2a F obreg osi, kijo opisyjeta enachi x=y in 220, |

I I
. g fer vot. za Z‘glr ok\'03 eSi ki\)'o Vopiqu'efa phac’]a{ X=y in 2=X, S produktom obeh

kvaternionov deloli Se celokupno rotacijo.

a e
UFy  ahg §
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z.
(G.+8z

~i
ttel

Rotacija s kvaternionom

E:Q'Eﬁ,x Fz:O,J’Fz
ﬁ: 0+v,

®p = %(E+f+§)(‘.1+2*5+72)= .
Bj+&E+2-1 y{»;t{/g+%-4 r3t) -

4
q
= 2(@-D+ (B+2)% +7az + 1)

|
_ Rimer: 2 upovabo kval. zasuci vektor v, = [14 0] 2 90° v pozit. smeri okvog osi 2,

7 = Cos%*a”mg—vf , 2500117

~ Primex 2 uporabe kvat zavehte enotski vekdor 5 za 180° oktog osi, dofofene 2 X=y in 2=0,

Kateri vektor dobimo ?

POL= pog.” PZ ~p.Z +gup +P %7 ®

L

3
3
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_Trisegmentn ravainski robot
i =k ci ¥ £, Cap * L5 Cue. ...

P2 i ’44 Sa ¥ ‘ng'n i IJ e |
ovicv“\"

P P PR Rl P DI i - Sus: Dl 1Y

- X >
A = Arccos 20,4

2,1“3.. : (7"’0

__Antropomot{ni robotski mani pulafoyr

: hs a p}
same votac. prost. sbenJ‘z (staubli) ﬁ;: [O o 0 1
31—
it e é;’ ol 4 - el LG 1/4/=9t6’r2;2 i
AL prbeoc iertA
1 /EY 2
4= oecos [1'5 az>) | f= 2:+>g~;+(gg'd47
i ’l{za,= gxXt %r
I Y e

(T4) .

v j
F J= rcta e
| w2 d ,"zTyﬁq\’

v_‘—.'_ * I - o
. GEOMETRIJA ROBOTSKIH MEHANIZMOV Tade Byid
! direld'n?, jnverzna seome:['ru‘a Eihidew |
Dvosegmentni ravninski yobst
| b [ x] i [ Ay Cos Vi + 4, /mm]
AL = arecos - Z&ﬁ; i / & ,ﬂh Vit dysin (Vi+2)
V2 T
L = actan (F)- arctan [m elbow upfdown.

smjulatna \eﬁzw
(i dueh teFitev)
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[ &ty
ayo N Axe +7~ya
'V; = avd”anzm . Vs = atctan, 355 e T 4.

Dvodimenzionalni delovni prostor

edviser od proststopeny, kako 5o razp drgjeni,

omejitve v sklepih

Dvosegmentni manipulator
v

rnreZar, Jiks, ploscina

V'p“v dolzine Segmen’i‘ov

ﬂ in ,Qz vpth‘(‘A n2 alelovni prostoy

0°'< V, Va2 €360°

A"IT R}l -WK:- i

L& = 19.'

—

M&{'}\JN" in_prirecni_delowni prostor

nv.mode| mora bit v vszkem robotu

del.prostoy _pomemben Ze ob nakupu tobota

~98—
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PERSPEKTIVISTIENA TRANSFORMACIIA

Vodi do skaliranya prostorov

prestikava predmeta preko (ece

o gotiséna tazdalja

enacha lece

| v i 1,44
h W vl S
il e Y e
a b
| .  Lefe postavimo v X-2 tawnino,
4_4_1 PR
whonjeni -y~ Yy T F T 3T v TR
_'X_ = _.)(_‘ Ve _X_li
i heuklonjeni: ¥ A W |
-2‘—‘~ ) :fﬁ I =
<y iy /"
x'= =
' =__¥——
2“*""1i_£_ |ste dosezenrw s f\omogeno teans{. matriko.
it Lv,_; yor— 4 O 0 O —{ k
" pe 0100
I M ru 1T v
i T il 0-+04) | .
X' e X 1-17¢%
R [y' ]=[ ,_.H.— [ J‘ ;/ Gon Tvx}T/;Z
2 J -'Y' z
s L 4l 2T L o i
1 matrika povarodi
A isto PrCSI/-"J\-’O
iy www.stromar.si




Numexicni primex : ®

422 , v (avnini X-2 . S‘reo\(sce. [ece sovpada 3z jzhodiscem ks, . -

T se Pre,shkz v T) [ 4 3 2] Zanimz 2§ T

e S
y' = -V X (1-7)= ~1(1-5)=2
y"(4’f?=y z=2(1-7F)=-2(1-3)= & :
e +-Y-i)
e ‘L"w  Alhel 3
2 matikami (s perspektivishino matriks ) | . ;
T =BT (4 0 o 0]
v & 0 14 0 O
tr_f.ff,,’ F=zo£<l>401{
- - lo-z 0 1
lzﬁ'{;' ! L&"',I R B ) Zo :
"’:{o 1 0 0
' x1 [1 0 0 o[ -1 (-1 2 E 0940
. 0400(»3 os_é“] toloﬂj o
é “lo0 1o )—2 ~|-2 [‘fJ
[ 1 o3+ 0 11| -3 @)
£2)
s
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_____ ~ ROBOTIKA - BIOMEHANIKA - SPORT Roman famnik
proucuje shulkture in fankoye bolos kih sistemoy 2 2nanjem mehanike
podiodin upatabe : medicina (kasgjz, wmetm owgani . ), humanoidna tob. .
protefika, ortolika  rehabihtacya | eksoskeleti
B pojekk Qyberlegs (vob.proteza)

| sprem . leshhosh upora
80 (new) sodoh nh mapray m vadbo —hragnetni princip, uporaba masneToYe/:lafl(.e,'feko‘c’ine/) |

napraa gnana s hidradizamy aktwater | hapticho)  yeslanie |
@ Sstma voierg s\ lrinap deforms e wpor: ey , ero- al velasm senaoy sil)

'“‘7 il bnbmaﬁvky@k&ar&'l (ZD i'\evou‘sk{ m%t’)

 DleiTALNO VODENJE

robotski mehanizmi

foboti v chku s Elovekem

hapficni vobot (la na obolco  Fmesbar + kx)
@ sminac e vobohke in mefeny  (indushijski problem )

T labodelat dprfozanine sicteme - Jacob matvika  [honsf hitresh)

dif kinematika in dinamika yobotov P= J g g 3" (2 377_4

¢=3.F bkoima vobot ve prost. stopeny, kotjih rabi

. g t2nsf.s51 in pavorov fei'unolanfe(\
B -cftma omg

tobotski in mexilni vorajen; sistemi
o . ,m&@mm)& deltomehanskily izdelov
o rdotskivid (prroznacanje enadilk.)
____ volenje Yobotov i mere.si
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