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Path planning using via-points and Jerk-minimum method with static
obstacles for a 7 DOF manipulator
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In order to utilize robots for industrial tasks, designing a suitable path is necessary. Executing the
Received 25 April 2015 path in the presence of obstacles makes the path planning task a difficult one. In addition, path
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planning is a time consuming task and needs expertise to define a certain path for each industrial
job. In this paper, by use of Jerk-minimum method, B-Spline curves, via-point, and obstacle
avoidance algorithm are used to automatically generate a suitable and safe path for a simulated 7
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Keywords: ) . . . . . .

Path planning optimization degrees of freedom industrial manipulator. A user determines via-points for robot trajectory
Serial robots using a Kinect sensor then employing a combination of Jerk-minimum method and B-Spline
Obstacle avoidance curves, a path is generated. This path is checked by an obstacle avoidance algorithm, and a final

Jerk-minimum method path is generated. The obstacle avoidance algorithm uses the inverse kinematic equation of the

robot to modify the robot trajectory. One advantage of the proposed method is it facilitates
trajectory planning for the user and creates a smooth trajectory for the robotic arm.

sl s daglalesaix aile gouxin Lol wlsd e ST dovio -1
5 4 3 . _ =, =

P L ToelSenS g 5 Gidkeule slagme Thup GllE Cosal B e 0 e sl S (SeSs s

Lgobs‘ U"JB‘ 1984 JL...; o [1] g_i:) 9 J.» .Aﬁ‘oo; oolarul GM ‘5>‘)Ja 4O u:‘"")‘b 615 G g0 A u‘9"u>‘° |) La;ub) U"‘ JSwS @‘).lo .o)].)

‘sLa.é.a NP PLpTewe ‘5'>\).b Lg\).g |) Lg‘dlo.? RN LgL«tb‘_gl.'z-.:.o S Do NEYEN 4 L5>|J'I¢ YN Mzsl"'“"’ _]a_,_?u, I f‘fbglc)g‘}?)lf‘]aﬁ?m

[B] 5l 2] 9505 by soaie Gl lag ] o oS Sty i (59, @l S Jlesl g 0T oo s 99 S 4 Lk

Al Josle Jolie sarly;

3- Bezier

4- B-Spline

5- Cubic spline 1- Cartesian space

6- Trajectory generation 2- Joint space

Please cite this article using: “awlod okl Jud ©yle 5l Ao (ol 4 gl ) gl

H. Rezaeifar, F. Najafi, Path planning using via-points and Jerk-minimum method with static obstacles for a 7 DOF manipulator, Modares Mechanical Engineering, Vol. 15, No. 8,
pp. 153-163, 2015 (In Persian)


www.sid.ir

R il D 9 )3 LS) s

BT &30 7 S5 595 Sl Sslinml glgo 9163 )3 porise—I )3 Jh9) 9 Hilo bl oS &y jume Ab

fose slad 5 Ssmse plse @ s Jsb o b ol Colie slaisS
3 ABbALLlNS (68,95 p (il g0 iy Slopld mSge O jguay a5 L,
JORRVA KGOS PN Y sy U ol (o5 (6laigS 4y milge IS o]
S b 4 oras a8 salowy 4 [13] Ko 5 L 2000 L
(el GAD B (gam 9o (slad o Seelns e b oje g
olis g lalllae gadS sges ol |, mle Slolid (i IS ol o
PliSmn o 5 43,5 bl " lamio sl (sl o s, ol &5 a3 oe
5 ooliiwl b [14] Ll Ken g )L calonis a8 3 i ,o lacsid ol
e 3l )38 pelaie 4 by (heel 4 7&“’5[-5-“ AL "PRM 9
BRUSSUOHDR FET RN ISR ST SIPR LS CUVINE WON EET I W LoV, v N VY
Ll o] 0 e (Gloo bl (izmed 9 00,5 (owyp by ol (570
228G 6w sl sl gy cnl Comelr Sl wlg o0 a5 00 S

Foslinal by (date slad )3 e Slml Gy pgmre (SB9)
il 5 355 b 5 s e, ol 53 aBlios STy e
U ooged oS o obml aly8 caalol o il jarine )5 lawgs
S o e Job 55 55 o ST & Sl S Siilaion
dnte ol D el LB (69,55 1 yrme SLbI )3 S92 g0 wilge L L,
Sla,l5 alidee ol o) (nl )33, 5 (o0 1B 4295 3590 15 e 392
Jo lize G)b 4 |y gileaigy salins (pl 5 ool plxil gouxis
[20 -15] wlos g

gl Loy 45 lee blis 51 oaliiad b oo >l llio ol o
9 o TS 2 Gl 38l cond ools (jlias ol 4y SSGST g 32,1
Spdyee plal (Soleiw glacysgame Sluial b g (pdlole &y
) Sldes plxil Gloj 4SSl ogdle ot =Sy by, 5l eoliiinl Coenl
9 998 Sgame Jolas ;5 HoliiS lsi U ol oo o o3 )l o0 )5 &
ol S ek 4 g eols alS T 55l la Klas 5 ol 5095 (]
9 Jlge (S sy ol SeS 4y izren S 0SS (SGSLy (g5
e 03 )5S Jolre 5l 09hise ol (Sl 95l sl Sialon
3550 09N @l Jlge e 5 0ad wile LSye pae o650 s
3ty e Satlazon 31 o3l b Sy e 55 555 g0 sl
OP9) S e Cewdy oMol (g ((SATHL O jea
yob 4 g isu ol o 0als ol sla g, b dslie o dllie opl jo caiadl )l
9 399 Sy 9 QL g Sy oo 4 )5 Collas (e Glojen
oy 4 il o dlie (pl jo  auled oo oloml GBlbl ailge b oy95 1 90y
OO Olad (50978 g g WSl Sl gSas g e SoSlern
5 Sl bl 5l oolainl b any Coond (0 1090 o0 00 sy Sl bl
oo Srrae (b 4 Mpulo &l 5 i TS by, B4
4 o o ilei oo SBEL ) Gl Bl ST 555k 4 cond Sl
bbb s gt g gl b oyt e Sl pedy
bhow o b, gilwass @6 Al bl jo 0sd o aslsy,
390 b o cilizee slul b 09 oo 4 g JPle sl ) S
S )8 ce

4- Configuration space

5- Planar robot

6- Probabilistic Roadmap
7- Reinforcement learning
8- Jacobian matrix

9- Simmechanics

10- Matlab

8 ojloub 15 093 1394 LT (w30 Sulse wiise

Shbezsiz &g @3, 2 [6] Sz [5] (uil)Sen 5 Sl [4] K5
Sy poe e TS lse ol oled o Lol ol pll aw gaz o
Slorig [A] S5 arily jo (b glial) jo ()5 SS wiilsi e
slas 9O s Sl | 6‘).3 3 G4z, Lg‘d.Loa-w (ST 2 OOy Mg
Sl ) T azys s [1] ol lassy ols 1) Sl sabais SG b Lais
olod el atrin a5 jablen 0ges I Sl gahats g0 L b
05 dgasme o ldlezais glo e 5l caiiSeslaill sla g,
6‘)‘.’ @YL @L.MJW P (e g Ai‘o.)yd wl.l.,o o A PSR
ol 5Ls gl o glaleaiz colps 0 ,9] Canns

5 eolitul b [8] Sjen g STy cpp logoie 5l eslaxal o
s Pl Sy g Sl g S )3 Casgaome sl el o
o ol 3)lge 3l yrion a5 asil Lol oo o 90 (L e yo
slaghy, b lagdy, ol 5l (o S5 w8 15 esliul 90
YU Casal 5l ley galinn Cao o aSST o 4 el gloaige
Oley 955 pewie Sliwly 5o oals plxil Glo iS5 iy g 0ogl0 55 5
$lp (1) call, Gaa b 5l eslical b [9] cdl,s 5 gSurcsbnss .ol
22 (5 SOl e (b & o] GRie g 5ige

Lt
min]=f ldt (1)
0

i)y as

e Jobo 53 S 2> ggerme -]

by &S > by 5ot

Lol o 51 g 0o olyan (o0l Slasls b o ls; opl aail oo
ol (Tl Glo lace s (ol WAL S92ge Gloo abali (paix
bl 5l 005,08 e Wilgi goi 5055 &g Lo )65 cal cnl s aaily
-S> Gy 3l SRl b [10] gsily 5 95, LslS aime s @ ) olssdo
A3 s (b 4 bl @l S L pertiale] 5 perie
b o =Sz by Sawloads sl o2 po8l asgs Loy STl 5o
3l a5l G (25 b lo Slas 4 a5 GlasS 4 jlsen (6 e ol
5 Slep ol ezt Gloj 30 pree (b Sln e (SB35
5 Seilatim (slacasgamme § S okysSI l eolinal b [11] adl Son
poriee 45 WiBby lses Greee Sbml 4 SHe Gk Seslnd
elodgy (b cnl jo ol Jlne e Job 0 Si2 e G35
3 e Sl b (rizran g 039 (SVsb g uile) sl S5 0,65l
3 S g Wediee e [11] p3 sudple (bs; bawys 5
|y S o e oo blis wilszy )5 a5 el )T 20 0,000 o] peas
9 plowl 5 )5 Cgllae (5 > U 0dged (e

Cls 4y S5 Gl 4 Wb (Sl Gaik pel e (b Sl
ARG 55 L] lge b 59,95 5 e Jb o Sl “slaSi) oS
G0z Al 5 4LiS 3aals ol Blas b wilgico dlins ol ool ol
[12] (2)Sop 5 (DS 1994 Lo so yles zylao s (21ib 50
mas 4 SLS 4 slamio galil a0 90 Db, e (b 4
b Gan ik 4 ol cabi 5l ol sey ol o el Salale

1- Jerk
2- Link
3- Hopfiled

154


www.sid.ir

R il D 9 )3 RLS) s

BT &3)3 7 S5 595 Sl Sslinml glgo 9163 )3 porise— I )3 Jh9) 9 Hilo bl oS &y ume Ab

S5y 695k S 5l mcagls sla il 2 Jguo

0; d; ai_q ai_q1 i
0, 0 0 0 1
0, 0 a; -90 2
0, d 0 90 3
0, 0 as -90 4
65 ds 0 90 5
0, 0 0 -90 6
0, 0 0 90 7
0 d 0 0 8

oBiwd o Ned JESl oyl (g ol 0590 0 090 s
5 eslaiwl b (2) alal, Ojgari—1 Slaike oKiws gi Slaise

Dl Canss S la m g gbs sla il )b

i—liT —
C9i —SHI 0 a;_q
SBiCai_l CBiCai_l —Sai_l —Sa’i_l di
SHi Sai_l CHL Sai_l Cai_l Cai_l di (2)
0 0 0 1
(3) alal, &ygo a4 oo oKiws 4 Cas 8 Kiws Jnl eyl
WS gp xS

oT = 9T 3T3T3TTET ST 4T (3)

"o ile 00 5 (3) sabl; 5o Sen JEl (gla s ple (5S> L
] oo s () &0 a0 B8 oS 5 0 olfiws o Jlis! e ile da
11 Tz T3 Px
o = 21 T22 T23 Dy

31 T3z T3z Py
0 0 0 1 (4)

Px
I, jho ofiws a4 cus 8 olKws a@%[pylmdi)as
Dz

N1 T2 T3
sBiws 4 s 8 olKiws (90 [T21 Taz Ta3 | g dad oo LS
31 T3z T33

gSro o Ladcuw —2-2

30 b ol ax o can gl Wlie cple s 060 (SSL, s93b
azyd b 4 Lad )0 jasie Sy g Caxdse SO 4 o) sl &S Jl>
Jolie sblgs 28l 5 Dby ugSiae Sloiw Juloo sl el L5 (5ol
Seileiw 3l Jols S¥olae Jg 009 3L Jauws galolae o 4 by,
Sl @ nlpls I8 e LS o e gdlolee Al i
Sloz Calge shaes Lad o Dby ol e pFie Sqz 5 Candse
S o5 el 5l cnlpli o)ls 929 (ol eeSre Silern SYlae sl
(polio slace ju b g Jolie Condse 5l (b &g ;K00 e dlolas
Cawds 6l ooly ool all LSl jo sgame ooy 8L sl
pobes |y Jolio slls; 51 (S a5 el 0l 5L 9550 Jatns (galalao (30,5
L5 oo ol bl poles By sl 45 pca 8 L] 3 355 2
o, [21] LSl slagil usSinn Sl 550ty Jor 5 oslicd
o5Sae 50 Cesly Cos 5l 9 T (il S )0 e Zeaw 51 1, (3)
29 Jol> (5) (samii b 03,8 o T i ilo

2T(62)3T(83)3T (04)5T (65)T(65) 5T (67)
= 4T7(6,) §T 37 ®)

3- Piper

155

Sl S93b (S b ko -2
s Slaipu 12

. o1 . N .
Jate ;o &8 > (gogs 57 S Headl Jl38le 5 p0 el Ak o5k S
S9b opl Gomgs Lioles 2 I 0 cwloas eols lis 1 o0
inled 2555, la =gl (ela el s (gl bl olayl 5 Sy,
L ono,S ole 2 UKo 0 g0 ol polie 1 Jgam o ailoass ools
-Cogbs sla el )b 2 S 0 eads faie slaolKiws ¢ olul cpl 4 axgs
ol ioled 2 Jase B o lgs 0 [4] Slae |, S,

Gl yo ;5 oS 55 le = Zagbs oyl )l Jouzr (ol il e

095° 938 b S 52 0yled) (S padl Jl38le 5 0 ead Al by 1SSl
(Cawlodds oals u‘*’L‘” oﬁ‘o

e, % )
Z3 A N— A Y
= VD Xs s
£ L\ X7 >
\)24 %
ds a, 75 ds

d8 sds sd3 sa3 6a1 ‘_Jva‘ OL!J‘ 0‘)4).@ 4) éﬁ)b) QSS)L’ &JA} 9\5 Jg.\a) 2 J&:)

Sl 693L eled slal 1 Jguar

() ol ol
0/1 a
0/1 as

0/45 ds
0/45 ds
0/4 dg

1- Solidworks
2- Denavit-Hatenberg

8 oloub 15 093 1394 LT (3o Swilke wiiie


www.sid.ir

R il D 9 )3 LS) s

BT &30 7 S5 595 Sl Sslinml glgo 9163 )3 porise—I )3 Jh9) 9 Hilo bl oS &y jume Ab

ooliiwl b ol dmline JoBB b,y auiitoss Siloism b (17) (salal,
L B assly aril oo asle b5 6, 585 b5 sLls; (17) 5 (16) Ll 5
.o.ﬂ‘sa s (18) sakl,

6, = Atan2(S6,,C6;) (18)
QT 40 aS

SO = i\/r21**2 +ry (19)

C86 = _T'23** (20)

T2 51 laadlge (585 Sl )5 B Gagly ol Casy 3 ey

6, = Atan2(S6,,C6,) )
QT 4o aS
S, = _7.22*’k (22)
7~ 75g,
_ 23
ot 23)
Sy g Os sl slp cules 5
6 = Atan2(C65,C65) @
QT 4o aS
_— (25)
> S0,
_ 26
Cos 50, @

Cewds Sl 95 0 564 B3 SLls) slp oS aba>de o5 ol jlen
23 =8 olow s‘agl.:.«o 0, U")‘g L aS oS 0‘9"6& u.")JLu ...\4:.:00)5]

Sl Jlogdoe 8l Sl weSae Sleiw lp plete Slsz
“Cwz 501 sasly o pslae 2 L (Sl a3k sSee Soileip
Sl 51055 g0 Sl cwy 9550 Gy o 4 Dby ol sy S
Gyreliy bols o plul glralz 5 (185 Josily g5k ) o5
Ol b alin ool ;o g 0og Joleo (20,8700 8 (nl 05l o
VORI UCH PR TR L ICHI FCESR SR NS P BRSO I P PRR W
(27) salal, & jea (4) cakal, 0 3T P! Luybe oKT sl ool
Co S8 0 p,

S —-C6 0 p,

o o o i @
O patuie slp 03,8 oo alai>Me (27) (sabaly j0 &5 joboplen
e gz a0 gl (Dl ol g0 yho olKes 4 s 8 oK Coadge

or =

Loodboo Xg 9 Xo j99e (0 Gagly B albio 5L50 9D, @y D
sbly; (26) G (B) Laly, o (27) abkal, §T (uyle ol (s 0L
el dalgs Caway b,
oolaiwl mile 51 445 420,631 Jo wsSan Slodmw Jo 5l dllae opl yo
—40 < @ <40 &S gy5u b e 48,5 L s Atan2(py,p,) —a
Sby @l e 4 S g3k &5 s g S Sl e U ail
20,55 dgae 55,550 (Lo ) i 009 pulivmns Cl> 4y SGo 5 0,5 o

aoly adanlys

2 g pmns (Gl b (unai -1-3
J)})M@Labb;w)jbﬁoaﬂ)w)|dmd|)o

8 ojloub 15 093 1394 LT (w30 Suilse wiise

S5 o iy 25 (6) alaly &gy T il
T* = 07-1 91 77-1 (6)
(7) alaly ©yg0 T G 5lo fT 5 3T T slom sle 6 381> L

S Adle s

r3," T3p" T3¢ Z
0 0 0 1 (7)

T e 0y sy o9 s 38 b il ey o5 j5bplon
0, sblss olpse (3) glolae S b cnlply abiligo aseie JolS b
o (8) laizs olfiws cumdge 901 sargly 5l ol Sygam 1,0, U

SS 5o olKiws daw U"‘ ‘M 9 ML"SA c.L:LO.».‘o Z5 9 Zo Ls LQLQ)W .3)51

by g oo cplplsoyls 1,8 alads

1 (8)
0, LSLg‘g)‘ Qb}'@ Calg) W &»M 9 (8) 64.]4;\) )’1 oolawl L,
Al 0, sagl; lal . oges dwlxa |, 8, 565

0, = Atan2(B, A) % Atan2(y/A% + B2 — (2,() 9)
Q—| 4o aS
A =2d,ds, B=2asd
C=(x—a)?>+y2+2z%—a2—dy*—ds* (10)
O3 sasly amsls sl
y
e ——— = + — 2
$0:= =155, ~ s +/1—-56, (11)
0; =Atan2(S65,C05) (12)
Cowdy (13) (salal; &g 0, sl By 503 sblss o9 polee L
0, = Atan2(S6,,C8,) (13)
d\ 4o oS
Co. = (a3 +dsS6,)CO3(x —a;) +(dsCH, + ds3)z
© [((as + d556,)CE5)" + (d5CO, + dy)?]
Sg. = (dsCO, +d3)(x—a;) —(az +dsS6,)CH3z
, =

[((a5 +d556,)C0,)" + (dsCO, +dy)?|  (14)
L al> o cpl jo 0nlce Cawas 07 966 b5 sblg; coms Ay o

b jskite s 09 o0littl 8T Jl o ile 290 L 5l 45 can o3¥
A 55 (15) bl jpm alaly ool (Shgo (i (4) sabul, 4 axzlye

Dy ge 43,5
"1 T2 T3

gR %R %R ZR gR gR gR gR = gR =|T21 T22 T23 (15)
31y T3 T33

S 31 9 3R o yile agSae 58 Sl ) Caw 51 (15) (sl oy b
- oo o> (16) sam5 3R 9 2R AR SR Gl ile usSae 0 o
D9
sR (85) gR(66) 5R(6,)
=3RTZRVIRTVIRTTIRGR! (16)
GR e ple 5 039 polae JolS ok 4 (16) sabal; Cor oo
S5 oo iy 5 (17) (el &30
R* = 3R"12R-11R-10R-10R7R-1

k% kk * %

11 12 713
— *k
=721 22 23
31 T32 T33 (]—7)

156


www.sid.ir

R il D 9 )3 RLS) s

6T 42,3 7 S5 $9)b 5l Suslianl gilgo g8 )3 orize— I )3 Y19 9 o bl oS &y jumo Ab

sy gimie Jolhe sblyy sl Hlyen s pael Cussy (el b
EPRPE L SO PRV LS P SURINE COWRT VRPN VP COv] FRP L OWT VU U6 R v
S F Spge ad ez Gl @ sl oy (Sl e
&y gl & s wmNig(t) slber vz &y sl e
aly p @l ol wsdiee 5185 059 6 IS bl (galiwy 4 slabezoiz

123] 1320 5o b llas woeslons ool Ly (slo S bl 51 JIgs

n
f(t)= z c; Nig(t) (30)
i=1
QT 40 aS
t —t; t; —t
N () = ———Nipo g (£) + ———Niyq g ()
ti+r - ti i+r+1 ti+1
r=1,..,d (31)
1 ti St< ti+1!
Nio(6) =40,  t<t; Lt=ty,,
0, ti =titq (32)

(32) dolre <y pu5 .l o J S blis slaxs 1 (30) doles jo a5
(31) dolao ;o juS z 50 gdn by =tiyg &5 Sboj b 0iS o S5
I8 lo,s blas Jlgs Ol 5,k 100 )5 paxels dlolae ol 5 00l ja0
U =Hto i tinoa} oS (o0 e 1) (Fomie S50 a2l 0 9 sl &l
S 50 Gog sdgre byl Llod b ogd so a3 )5 s )3 (slo)S bli Jlo
L oy 0 aigh LS5 bd+1 08 5T 5 sl 51 sles bl
5 adsl (S Ll Jl it (o iz 5 ks SSIpS ek sl S
m=n+d+ ply clo,S bla slaswi (a5 (pl L.o,S aales jee LG
[24] sl s 1

e 1) 09 0 )90 L )5 el cpl 45 9, Ly alies sl
S8 5 Jsl camdsn lan S0 (sabis 2 gluaige saely 5 wleie
Sl anl 385 65y bulpd U asled oo et 6929 @ ) 2] CunBge
Sl sahaii 9o L ogd o 00lo Liulei Uy b IS Lawgd ouls pnd bl
s s et > Ak T+ 2 S e sl Jo anlE oS
bl 5l Ml o (G Home ln 0 Gl & Hebples .ol 3529
g ol 5o GLeSy lo)S ahiid +1 05 Qo yo (Jaal 2ll 5 ol
3,90 abdi vy + 2 L Bollao . all g ge Llgs (LSS slo 5 alaiid + 1
d woadla byo b g sl 09290 0,5 oy j0 (lo )5 (gakass vy + 2 ¢l
bl slaws plply 0gd co adlol o1 o sl jo aaiid g lawl jo alass
235 (oo dnslone (33) saba; Billaa (slo)S
m= (v, +2)+2d = (v, +2)+10=v, + 12 (33)

el & 425 LS on il oo A5 et ol o (sle bl
(e o D (saz e g (v, +12)le,S bla slaxs m=n+d+1
©llyy comdso lp wiboo vy +6 ply Cuxlee JyuS bla olaws
gloS Ll 4CPQ(i=1..,n) Jy5 b L ol
sl (34) ably O jgay Comdse Jove Ug, (= 1,..,m)

n

a) = Z CPQ: Nia () ”

4 ez l)"_ Sy (e el D a4zl Cusdge e (S
o Ml oo iplS aais O 4 6 51 Ll 9o 4o lo,S blas 1,5 g aib e
e Slp CBld gyt S slo)S saladi g Ce s sl Egeme 5
Uvy, (i = slo,S Ll 5 CPV,, (i=1,..,n—1) Jyu8 Ll b ey
[10] wss oo i 25 (35) alaly & jgm g oo JiS bl 1, ..., m — 2)

157

Doge e ) ey 09 doe odliiul jree (Hib wil)E 4 3959
olgzdo bl ol lis gl 095 canly Caws S5 a4 o5 a5 cl
Sy oo o |y bla ol lo)d 095 o G &S o b g wiS oo colail
5 ol oo (W3 U Billas cor s &S > okl g olol blas eus
P e 4 S blE CoaBse 103 5 o 2ol ()3 S8 il bl Lo
anlB oy Sl Bl alspe ool 5l am asdee s Gl G

W35 o0 s >yl

oo =S 32 G4l g Aty o —2-3
Gllae [22] 5o saisedlyl Gam a5l alie ol 4 g e ke sSsS
Cewloads sslazul (28) ik,
N
Ly
L= minz (q))? dt (28)
i=1"0
S s oS JS oleg tr sy b, Jolis olaxs N o] 4o a5
Gan b ol b ol s a5 0 Saze |, 4S5 ol ayl il e pli e
oS sligS 4098 o0 Ll 55 olaad

lg; (D)< Ve, i=1.. N
lg; ()] < ACy7 i=1,...N
g <Jjc,.,~ i=1,.,N (29)

S 490 é.aaw Godgdza ;0 S > (gilwdiygs Joe D¢ o cdaliv 45
aS Col (650 (silwaigy Jos 3l ol Bur 0,5 0 Dyge )5 Lk
0l pmtd e dzkad o (gl b b,y &S 1) Sl Goe o] SWS
Coxdge douin Sboul laylil g 0oged adrin wuled Bro 55 lawgs
Sy Silwatng 50 9250 (5 S ILSIl 05T eald | Jolie sl

o =S 32 (6 slwddonty 9 (9 Mol (ot o U oS 5 -3-3
9 g0 03l O 4z )5 (Ll o @ls 3 ne ()b (6l i ol o

19 S i oS A s Sloe bl peend s0g50 () JSs 3 S

8 oloub 15 093 1394 LT (3o Swilke wiiie


www.sid.ir

AT Sl 3 9 )8 HLS) s ST 42,3 7 S5 69)b Sl Suslianl gilgo g8 )3 orize— I )3 Y19 9 o bl oS &y jumo Ab
Vp+6
. CPV; = (CPQ;,; — CPQ,),
Z CPQy Ny q(t)) = VR; | i=1..,v, " UQivar1 — UGiva o '
k=1 i=1...n-1 (35)
UQn+d - UQn not UCIn+d - UQn " f

ky_,CPQn_; +ky_1CPQy_1 +ky,_1CPQ, = a¢
en—3CPQy_3 +e,_,CPQy_, + en—llchn—l (48)
+e,_1CPQ, = jf

"""3"59"’ L.':J)';':S .'0[:04 ‘T"’.‘)‘é eiakiv(i = 1,2, ,Tl) g_',,_i‘)_", QT )o 45

3o S8 sy 9y50 1y (2) siluange aolas o)bss I il oo

FrS bli Caw sl S g Ol e pu sladodgaze Ba slp
[10] ol éota Cudgise dl 4 LQQ]

|CPV;| = VC;, |CPA;| < AC;, |CPJ;i| <JC;
i=1,.. N (49)

Gslo) el )19 32 (rri -4-3

Moy el as 05l 5lg sladsl oy sl (olwaigs 9l g9, sy

35,5 0 Gl e s 45

tip = (T01aT02v vTO(vp—l)) (50)
&ly adsl 5l 9y5e Gloy e 7o G = 12,1, — 1) G o &5

adgl oy b g0 galols b onlite alie ol o bl o ol ks

alols azpe 055 oo Blai jos jl Cond Gl @ 093 050 4 ol

5 Sy 5l ks g9

P 55 ol & eelaidl ploj il iy jees Sl
o Cils azgi b og b oo
Tor + Toz + -+ Tg(p,—1) = Ta (51)
o Wlie ol s atle ollee ol JS oles Ty ol o &5
ooliiul (giluaingy aliae Jo (sl e 1381 a5 )0 d5zge (giluat
oyl ogllae JpuSm Ll g s sloanlad (o) (29,5 390
b oo (52) &g e 5 pumds
ti = (rl,rz, ...,T(vp_l)),‘fl Ty T gy = Ty (52)
kb sl ol 5k 0580 QL3 T (= 125w = 1) o] o oS
il i ;5 Wb 55 (52) dolaarbo s alplis ablbige oo gl
o bogols LSas 1y Glo,S bla Jlop Sleiee 80 cul boo,5 bl
SLd (e p umBge la g ol olyeniay (JuS bl rals LS
bl oo ey JB S

Sl b 395y pus w0 5980 -4
&l o (Sgkz -1-4
@ wlge g Luil glassd bl cuxBge a5 canl (pl 5,8 dlie cpl jo
S8 LS 50 5 0 T st edle gl lapi )5l Ly slaisS
ools las 4 IS 0 b3 com slabsS bla Lo ylgie b Conlais §
oiws g g0 4 e Slaite oKiws l eolatul b cawlonds
Cordgo Db, olSiwd 4y Cand (90 oo Jliil g ol o o Slaises
Sl Glp slaigs bli oe (oo I dx LNgd oo Jol> bla
posiee 3 pexySle &5 Djao pay alad Il o by, wle 5l A8
a0 aSe Syge a4 Ble g odel Cawds (,7,2) Cundge slaadlge
25l oo (53) @ollae o] slul 45 5 jg0 4 09 o 48,5

Xmin = B < Jsb < Xmax +

ymin_ysubfcsymax"'y

8 ojloub 15 093 1394 LT (w30 Sulse wiise

o(t) = Z CPV; Nyg1 () (36)

g wlys (38) 5 (37) &g s v (5550 il
CPV, = vy, (37)
CPV,_, =v; (38)
(i= CPA; &ypmy s JyuS Ll wolis oo oly b=
G2 Ua;, (i=1...,m—4) &sa QT slo,S bls ¢1,..,n—2)

ety

(CPV,,—CPV),
UVira — Uviyq l+1 l

ey —2 (39)
il g (40) abaly & jg0 4y Ll s

n-—2
a(®) = ) CPA; Nigea(®
i=1

(40)

Sy bl il sl g
CPA, = ai; (41)
CPA,_, =d; (42)

bla 5 ,> S 6‘)‘.’ O o ATTIL S S LQ...»‘ 3
Sypar ol Glo,S bla §CP,(i=1,..,n=3) Oy S> JuS
Sy so iy Ujy, (0= 1,..,m — 6)

., n—3 (43)
2l e (44) bl & 50 4 S > e g

n-3
J©)= ) CPJ Nig_5(®)
i=1

(44)

Sy bl sl g
CP]; = jin (45)
CPln—3 = Jjt (46)

oyl 518 HeSw e o &8 > sl g sl o by 05l g0 258

@ |y dolee vy Jb> il o Vi = V5 = @iy = a5 = i = Jjr =0 (plplo

3,90 So alaii v, 5l ool JSiS dowie aS 4 S oo Sl o gldigS

QLS VR, i=1,.., 15 b p)l5 lawgs oalds o bl 51,005 jaue s
Og wislys> (47) &g dolas Vp g oold

vp+6

CPQk Nk,d(Ti) - VRL L= 1, ,vp
kZi (47)

(43) (42) (41) (39) «(38) (37) (35) =VYoles 28,5 L o L
(48) salal, Jgpzme vy + 6 5 dlolae 1, + 6 ol (47) 4 (46) (45)
25y eads )85 olSiws (nl (Sl 593k Juate o (sl 050 00 Juol>
soie ol calwy 4 oS Wl sy S gabi v, +6 plas
Al oo prm i S8 Jolie gLy

d
——(CPQ, + —— CPQ, = v;
Uqa+2 —Uq; ! Uqa+2 —Uq, g "

k,CPQ; + k,CPQ, + k3CPQ3 = ajy
e,CPQ, +e,CPQ, + e3CPQ3 + e,CPQy = jip

158


www.sid.ir

R il D 9 )3 RLS) s

BT &3)3 7 S5 595 Sl Sslinml glgo 9163 )3 porise— I )3 Jh9) 9 Hilo bl oS &y ume Ab

5 b M s € Sl gabii aL OM <0 51— ¢ el
sl OM ) 5 (0C) o a0 alols oy 3 S0 3

TS a8 cd )8 e o wle boyss p lp ol |y IS Jsbo 3
Ailoads eols yisled N3Mz g NoM, Ny My L Jgb as oyl

3,5 (g0 Sy ) Djge 4 Job aw

Py oS 35 10 U pgo oKiws 35 50 5l = Ny M,

oty 155 5 50 U ez ol 350 = Ny My

i o8wd 35 0 U ity oS 35 40 5l = N3 M

s adsh ol ) b a8 Gk S, 4 Ay L
Wilise 25 e 4 &S O (et Ol o0 OC sl Slodgue

(60) 5 (59)(58) akl, o —wsy5 4 N3Ms gNM, NiMy (sl

ooyl
0C >0.11m (58)
0C >0.11m (59)
0C > 0.07m (60)

&lo 31 535 s o8l by -3-4

L6 sagly Cslond plo g Silerew 25w 0 &5 jsblen
La lade el cwssatan2(py,py) —a b plp eeSae Siloisw
y oS, B i ol -40<a <40 o« og slaisS
yoodle U ool ad )3 a0 i b mbe 5l )88 ol asbasils
Dgd Jol> 5 b, sl U helae galols wad ply sl S
el olyor (S8 5 b py Sjge 4 pusSre Sleinw (nlnle

45 358 e (oo 4 A A
—40<a <40
B Gladsb 5l plaST w45 0gdi e el (Soge a4l
Coond 13 a5 ogyls )0 @&8ly j0.0idl alilas (69,55 p aila'h sadaid S
WS @ 05 Sl S

N 0
o Y N
E L i
\\‘OL . M \\\\ ’,
M YO

(a) (b) (c)

S Job NM g sile (sakais 0) Slyow alaii s sl 5o V> 6 S

[19] (e IS ST

N1 _

o b 3,55 5 pas w65 gl by el slo sk 7 JSSS

159

Zmin — € S gW)l S Zmax T € (93)
50 bl e Cuiel ail> gl ol spolise gy B o o &S
O 008 (o0 s S 59y 2 Sl BB pb 4y (bl gal>
oasaid § Jlai o0 ST o B oo S s | b mile (59, o laml jslats
P S Sppa oS @le o sl D S Wish sanzis bap] a4 S
Wos oo ol |y mile (g9, g oeabans I lais by canas )3 las
alais 8 45 ooty Lasuine alais 20 ggemme 10 99 o oadlive a5 el lon
3,5 o0 418 Jgp@j)o)i{oéwlzgm1o)|)§@.§8)o

Sl $93k 3 S Sl bl -2-4
5 @le a4y G aS 09 o0 S S dlaal o gladaii 4y Sl adads
paria N g ML Sod 5o p 93 51005 o0 )18 Cadgo o fSuops
bl sl 6 Jso clls aw 5l (S wgbosls (lis 0L xle alai g 595
ot o gabolds 1 5003 a5l axgi b [19] 848 e sl Sl
g Gl ahai 1 5l das  sgee oo b soslal L ply Jas SO a4 conis

g g o il 2l 00, LB IS o Jlade oyl

00, = OM? — OyM? =ON? — O N? (54)
ol ol b ogd sools lid NM =L >00 S 2 Job
NOL =NM-= OLM (55)
ol

OM? — O M?= ON* — (NM — 0, M)? (56)
a5

OLM = (OM?+ NM? — ON?)/(2NM) (57)

6,5 s s e e cdl> 3 >

OL oo C Jlypw gahis wsbl0<OM<L Sl —a o>
sl 001, 5l (0C) ilo s alols s 5035 9 Al oo

5 w3bws N pled € o gabis w3bOM =L 31 —b o>
sl ON 3l 5 (0C) gilo ar alols oy 5 SG0 3

’V

3,95y pde 6‘)‘. é;l.o (_gs)).go..\.&cx.‘;é;)]éj)o L5 JS.w

8 oloub 15 093 1394 LT (3o Swilke wiiie


www.sid.ir

R il D 9 )3 RLS) s

BT &3)3 7 S5 595 Sl Sslinml glgo 9163 )3 porise— I )3 Jh9) 9 Hilo bl oS &y ume Ab

50 lie cpl o calddll giludigs o008l Bille IS slad o
el & 1, 11 S b gollae (oS, &by g oo ol olas 100 S
plxl Silonw Laore jo Ol (gowaw &S > gilead wile,

w‘owb;

ekl Sygo 4 @le sl poiane 5 o Sle LS 09800 558 I
sk (61)

O 6lad o s (b sl ads) Sl bl 3 Jgue

odd (b (Sblyy Slits W) 45 0980 (et (Fipe @ @ s
ol oo Bilw wig,y 4 W A o Lase glad o

Iy yoo IS a5 o)l LB jo gugSoe Silosow byt a0l L
25 G oollae Gaz i B ol ok Jate glad o (Jhso 4 s o
il 57 4 @lo b 5055 o5 355 plnil (1SS & 00 (s Ll
il e 8 St & g oaiats S A )3 o681 Lol

Silwdmd b -5

z(m) y(m) x(m)  ahai go)leds adsl Sl b iluans ul po eanad Il 0 gl o
0/0301 0/4121  0/3601 Js! alaii Gilhe (3,15 slad ;0 CSS jguaiw saliwg 4 )15 Langd oddipnss
00756 04122 03602  pgs abu b 3 Joa
0/1503 0/4201 0/3203 pgm alaks ol Cemge Cawlonds ools las 9 S o LS ) e (0550
0/1543 0/4331 0/5021 o le> alads 00)5] 4 Joaz )5 weSme Seilais SoS 4 lake glas o bl
0/1774 0/2903 0/5111 o) alags Ry LS’)?"" @ .39...4 ‘nbu‘ ML, 3 QL‘°) S o & ,L, “"SP U"‘ L Cawloals
0/1905 02256 0/5211 i alads iy ot ol e 3555 Jpae 4l 1 a5 100 esgime 5

/ N\
é.‘.)J" )‘ olﬁﬁt].b GJL:.A bLla; LS‘L&:CA?.tégae
JRwPIE S R I a;ls SSGuS | gamiian
\ ‘J:‘};,f‘o J
g e Dl:_-:;_' J.J.g_'l,é <
ng gaal>
cﬁdlé)f)ié_‘,)a Ll )J L,‘ 5o Jjgafad‘e O)95-)g \.a:l) as GJGLQJ ):?_,?II.-J'
1995 Lgd"nl} 0)95)._\ ).Ezs 590 JBIO duw Lgljf - Al;_ _’ ‘51‘05 3 ;4:"'55& bax ld Lsi.a.é..a dld

51,4.&4 slad o 0 o ;55[:‘"‘ Sk sl

o9l jo as S I5s glad | aadge jo

£,l5 09>

u.u&i.t.o &*JLO»».*..-J )‘ oolazil LJ Q_a_}'a')ls

J-’-‘>

QSJ} a3 Ls]

Kolatns Siaf dy uind, a8y Sl ity i 2995 7 2390 Jobo 4 sl
93,0 0524
il 50035 e s 4 45 glisS 4y gSne
|
»>
v
[ Cwloads b jums J
Bl b oy55 5 pac o )lzgls 8 STl
hate 6l ;0 e ()b ly adyl Slo bl 4 Jgu
(4.?-)&)07 (Q)o)ae (42-)0)95 (4;-)0)94 (42-)0)93 (4?)0)92 (4;-)0)91 aladi o ,les
0 86/2 415 105/8 20/6 -12/8 28/9 Jol alads
5/1 92 4l4 100 20/2 -12/9 28/9 pgo alais
11/5 101/7 a7 91/7 1972 -14/2 32/7 Py Al
20/6 104/6 -212 70/9 25/6 4/9 20/8 ool abass
2516 105/6 2 7913 21/8 -5/3 9/6 o abais
32 107/1 2/8 79/9 21 -715 3/4 oo alads

8 ojloib 15 093 1394 LT ()3 Swilke wiise

160


www.sid.ir

AT S pd 9 )8 LS) s ST 433 7 Sl 590b Sl Susilinl gilgo J9adn )3 porize— S 33 yh9) 9 e blis SeS &3 uume Alpb

L 0,55 5 Camdg 48 0ol s bl& LT a5 g ool @ Gy 50 et ;oI
Sorge 0y95 2 pler el o Cawlal Sl T b owb I8 b
(cwlond sols Lis 12 IS 10 0,65 1 o) ol
Gllas abais ol 5 0a 8 JS4 51 ol sl o)1y o2yl ol pli
lad jo ax 81 Sl alaii by (g3l @ 4z g5 b sl oo i O Jgo
13 s oS o s e 358 Lase jo Bl s late
590 us (50,Lg0 sl 5l o aes so lid s o | plex salads
s Job G 05525 03 )18 @le b 095 5 sadlate )3 0adi(ped LU

2 i 9 poler Akl o 0gh e 0000 0gh o oy 2 il 3929
[0.5209

Bl boyes ol joaS 5)ls 8429 0.4126];:%5% 3o slaads o Job
0.1542

abaii opl g 00 8 IS 5l pgo (gadl o)1y oS Gl iy 105 g0 ol
SLad )3 9 000,5 (ead Sle waz el (lgie @ S slad e
O 0210, Sygo Ble b 0ys5 iy oS Sedige e (Fige & Shake
EURUINA o5 PR IREWEILIN ) IR C O] FY 6 Jgox llas S bla o>

5o Llasl slae ooy Sho bl e ‘5'>-\1Jo 9 r“*’)?i” slal f)Uh»yQ3|G>Labb;w£9Jiw

oanlie pws 0)Lgd (o) p 5l dmr g AlLlS 1B aile b oo ye5 p adlate
60,9550 3 e Job 50 oiin Gle sabaE ond Gl e 0980 0.2.
20,5 (b by aled 6me (I GLaS 40 45 (6 S 9250
Sle b 3,955 pos win,o8 Jlosl & amg b ceslonss ool oLz 14 Jss 0154

S 5o Jlosl adsl joas p e o o5 00 00l (i 14 JS5 o 301

NaMy Jsbo 50wl b 10,95 5 5 o lez (sl 50 g3k Copbse 12 T4

&

/

K
g

v

02 02

o b ,55 5 pae w5 oy 35,5 51 5 00 (ool soens 10 JSCS

Lk
1

o adsl bl b gillae adsl conds >lb s jo b, o8 > 11 g8l

el 0.25M < x,ps < 0.4m
Om < yops < 0.1m
(shaie SLad )5 Cunbye i3 §| g o)l e 4 53l Coadse 13 S 0.1m < z,p, < 0.35m (61)

161

8 o louis 15 ©)93 1394 LT (ORI Sl Swiiie

WWW.SID.ir


www.sid.ir

GRS Sy d 9 )5 HLS) ams BT &3)3 7 S5 595 Sl Sslinml glgo 9163 )3 porise— I )3 Jh9) 9 Hilo bl oS &y ume Ab

110

= 100 D2.
3 90

< 80 0.15 4

00— | 0.1
O 05 1 15 25 3 =¥y
£6) 0.05

05(deg)

t(s)

25 3

25 3

(s)
40
S 30
©
S 20
D
10

0O 05 1 15

25 3

t(s)
i T slp (Share (5128 5 s (HiB) Jolie sblysironie 15 S
b,
20
10
Slew O
°< -10
e -20
-30 , , , ,
0O 05 1 15 25 3
t(s)
. 60
gglgn 40
<& 20
0
-20 : ,
O 05 1 15 25 3

t(s)

)

. deg
Sy
= o
o O O

8 ojloib 15 093 1394 LT ()3 Swilke wiise

02 0.2
Blo b 2,55 5 pae w365 Jlael 5l an oo sad b e 14 JSG

(50) salul, Sloj o oy 3959 5 pibe (sabil (et 5|

L plp (28) galal, JIS5l wus S ol 4-3 psu 0 axl b @illas
e ol (AT maries 5 (5lodings 3l e 9 00553158 x 10° (1)
5 15 Ui o Jeolia @lla5 ionie anlod, 31011 x 105 () &,
olis a5 culoas o3l il 16 UKo jo slugly slace mw sove
(4l p ax,0:100) slagly copm Gl (Sloiw (o8gamme i oo

awlodls Cole,

S 5 4o -6

4,0 Las (Sl ok e b Gl wax G35 Wl (nl o
Sk bl wizr by )5 (g, cnl b gillae Casloas wilf g0l
(soleiiin o9, g ools JWl 55l 4y SIS (i y90 Jamgi 1) L0 90 e
&y 5 eslaial 5 e =S, By G L) S Sy e
Wles oo Lzl g 00gad digy (b,  Seleiw lacusgase 9 (ol o
aba>Mo )90 (goleioy g,y (! yo s Sl &lge 5188 e
25 5,8 eoliiul 5 )50 o (SL) slagil e

6: (deg)

O 05 1 15 2 25 3
t(s)

6, (deg)

0O 05 1 15 2 25 3
t(s)

63 (deg)

O 05 1 15 2 25 3
t(s)

162


www.sid.ir

AT S S 9 3 LS, s BT &30 7 S5 595 Sl Sslinml glgo 9163 )3 porise—I )3 Jh9) 9 Hilo bl oS &y jume Ab
50 20
40 —~ 0
U)A 30 g (%2}
Q| wn o -20 |
©/, 20 ~
< 10 ® -40 ‘
0 = —— -60 —
O 05 1 15 2 25 3 O 05 1 15 2 25 3
t(s) t(s)
40 10
[CHR%) D |»n
® 10 .10 |
Oo 05 1 15 2 25 3 -20 ' ' ' ' '
' ' ' O 05 1 15 2 25 3
«s) . £(s)
Sy oo T gl Joolie (slaly; e poo inie 16 IS0
shaio slad ;o e b 0,55 5 pas 02 )5S Billae e 5l ey p)lez Sleo 4k D Jguar
(az,2)0; (az,9) 0 (az,2) 05 (az,2) 0, (a,2) 03 (az,2) 6 (az,0) 6 abai o )los
20/6 104/4 -11 71/8 15/2 4 28/8 ol abats
shato sl ;o wmilo b 055 51 pas 029801 (39,0 (swy 2 5l g 088 et oo LB 6 Jguzr
(4> ,3)6; (4> 3) 65 (4 3) 05 (a2 ,3) 6, (a,2) 65 (a,3) 6, (ax3) 6, alais o)le
0 86/2 415 105/8 20/6 -12/8 28/9 Jol alads
511 92 414 100 20/2 -12/9 28/9 pgo alas
11/5 101/7 a7 91/7 19/2 -14/2 32/7 pgus alais
20/6 104/4 -1/1 718 15/2 4 28/8 o lez abais
21/4 104/5 -11 71/5 15/2 412 26/4 oy dbaks
2516 105/6 2 79/3 21/8 -5/3 9/6 oo alads
32 107/1 2/8 79/9 21 =715 3/4 oho alad
[14] J.-J. Park, J.-H. Kim, and J.-B. Song, "Path Planning for a robot manipulator (w-7
based on probabilistic roadmap and reinforcement learning," &
International Journal of Control, Automation, and Systems, vol. 5, no. 6, pp. [1] R. Paul and H. Zhang, "Robot motion trajectory specification and

674-680, 2007.

[15] A. A. Maciejewski and C. A. Klein, "Obstacle avoidance for kinematically
redundant manipulators in dynamically. varying environments,” The
international journal of robotics research, vol. 4, no. 3, pp. 109-117, 1985.

[16] M. Pourazady and L. Ho, "Collision avoidance control of redundant
manipulators,” Mechanism and machine theory, vol. 26, no. 6, pp. 603-
611, 1991.

[17]1K. Glass, R. Colbaugh, D. Lim, and H. Seraji, "Real-time collision
avoidance for redundant manipulators,” Robotics and Automation, IEEE
Transactions, vol. 11, no. 3, pp. 448-457, 1995

[18] B. Daachi, A. Benallegue, T. Madani, and M. E. Daachi, "Neural networks
for redundant robot manipulators control with obstacles avoidance,"
Journal of Robotics and Mechatronics, vol. 16, no. 1, pp. 90-96, 2004.

[19] Y. Zhang and J. Wang, "Obstacle avoidance for kinematically redundant
manipulators using a dual neural network," Systems, Man, and
Cybernetics, Part B: Cybernetics, IEEE Transactions, vol. 34, no. 5, pp.
2126-2132,2004.

[20] F. Najafi, M. Karimi, and M. Ghayour, "Optimal Trajectory Planning and
Obstacle Avoidance of a Manipulator in the Presence of Ellipsoidal
Obstacles Using Genetic Algorithms," Mechanics, Journals of Modares, vol.
10, no. 4. February 2011, pp. 75-84. (In Persian)

[21] D. L. Peiper, The kinematics of manipulators under computer control :
Unpublished Ph.D Thesis, Stanford University, 1968.

[22] S. Tanaka et al., "Minimum-jerk trajectory generation for master-slave
robotic system," in Biomedical Robotics and Biomechatronics (BioRob),
2012 4th IEEE RAS & EMBS International Conference on. IEEE, 2012, pp.
811-816.

[23]C. De Boor, A Practical Guide to Splines. New York: Springer-Verlag, 1978.

[24] T. Lyche, K. Mgrken, Spline methods draft. Department of Informatics,
University of Oslo, Accessed 20 July 2014 http://heim. ifi. uio.
no/knutm/komp04. pdf

163

[2]

[3]
(4]

[8]
(]
[7]
(8l

[l

generation," in Robotics Research: The Second International Symposium,
vol. 3, Kyoto, 1985, pp. 373-380.

A. J. Koivo, Fundamentals for Control of Robotic Manipulators.: John Wiley
& Sons, 1989.

R. E. Parkin, Applied Robotic Analysis.: Prentice Hall, 1991.

JJ. Craig, Introduction to Robotics: Mechanics and Control, 3rd ed.
Pearson Prentice Hall, 2005.

M.W. Spong, S. Hutchinson, and M. Vidyasagar, Robot Modeling and
Control.: John Wiley & Sons, 2006.

R.N. Jazar, Theory of Applied Robotics: Kinematics, Dynamics, and Control,
2nd ed.: Springer, 2010.

J. Angeles, Fundamentals of Robotic Mechanical Systems, 3rd ed..
Springer, 2007.

C.-H. Wang and J.-G Horng, "Constrained minimum-time path planning
for robot manipulators via virtual knots of the cubic B-spline functions,”
IEEE Transactions on Automatic Control, vol. 35, no. 5, pp. 573-577, May
1990.

D. Constantinescu and E. A. Croft, "Smooth and time optimal trajectory
planning for industrial manipulators along specified paths," Journal of
Robotic Systems, vol. 17, no. 5, pp. 233-249, 2006.

[10] A. Gasparetto and V. Zanotto, "A new method for smooth trajectory
planning of robot manipulators,” Mechanism and machine theory, vol. 42,
no. 4, pp. 455-471, 2007.

[11] P. Huang, Y. Xu, and B. Liang, "Global minimum-jerk trajectory planning
of space manipulator,” International Journal of Advanced Robotic Systems,
vol. 4, no. 4, pp. 405-413, 2006.

[12] R. Glasius, A. Komoda, and S. C. A. M. Gielen, "Neural network dynamics
for path planning and obstacle avoidance,” Neural Networks, vol. 8, no. 1,
pp. 125 -133, 1995.

[13] S. X. Yang and M. Meng. "Real-time collision-free path planning of robot
manipulators using neural network approaches," Autonomous Robots,
vol. 9, no. 1, pp. 27-39, 2000.

8 oloub 15 093 1394 LT (w30 Sulse wiise


www.sid.ir

