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O ABSTRACT 0O

Motion Planning is an important and potential issue in Robotics, because it gives the
robot the ability to reach its target automatically with collision free, which increase the
robot performance and reduce its operational cost. The robot motion planning is commonly
divide into two approaches: finding the appropriate path and making the robot tracking this
path until it reaches its goal.

This research depends on one of the most common obstacles avoidance path
planningtechniques (Bug algorithms) to find global path of robot. And make the Boe-Bot
robot (differential drive robot) tracking the paths generated by these algorithms in a certain
environment.

Keywords: motion planning, path planning, Bug algorithms, differential drive robot

* Professor, Department of Mechatronics, Faculty of Mechanical and Electrical Engineering, Tishreen
University, Lattakia, Syria.

** Professor Assistant, Department of Mechatronics, Faculty of Mechanical and Electrical
Engineering, Tishreen University, Lattakia, Syria.

*** postgraduate Student, Teacher Assistant, Department of Mechatronics, Faculty of Mechanical and
Electrical Engineering, Tishreen University, Lattakia.

230




Tishreen University Journal. Eng. Sciences Series 2017 (3) 22l (39) alaall dswxighl o slall @ (o i daala Aok

- -~

14adla

iall ¢ 18l gy HIS Adlida dpale cVlaw I path planning Ll Jayads mllaiae iy
Ay ligagl) ple b lusdll Taglads Lafiyd [1] AT G dle (po Caling adgyed Jan Lo 1 .Sl ka4
35ms2] 2y O b sy Bany (SaAIS Sl (o e geney Jafii s AT LU (lSe (e Cagyg ) Sl
) (e Al (g0 Cndl e lasal) Jaglads yemd aiall 21SA) Jlae 8 Ll L[3] 8yie 30y & Cagys )
(a3 .desired goal state e jall cangll J) initial state adlal Als e g Il Jas Al ddhaiall
Shal Al GaSyle clileaS decision—theoretic ) al dlasl 4,0 el ey L) Jadads (e gsll 13a
pSaill 4yl S s & -learning methods[5]  alaill lluis Markov decision processes[4]
Jaay L 12a5.Optimality[8] aliY); Feedback[7] iusall il Stability[6] syl daleid) Jillly
ey Aauls Wlis Jitie Cigrg) Jlse Japlass

path planning  ludl Jajads J) sale &lisg)ll ale  gdmotion planning A< all Jadass sy
lealing ) dagall Jysatd AU L) Lagils [1] (385 (3ay I35 trajectory planning Gyl Jaylads
Al lasall Japhai 4 oy (52 ) 38 L Cagagl) U8 (00 Fnsgie T80 alsl G Cisagyll e LY
KU AU dsy ol V) VYY) slad e K A6l e Lmgiad) AY) 35l il
Sipaoll LSS 0al) 358y YT o SR Gyl Jahadd ok .4k dysllaal) Al Slady 4y pSaial
bl Jadads e ylsa J (e goasall Hlusall (385 4SS 5a 488 a5 8

Global  alall jlsall Lokt et [9] lad Gansd ) AT Agn o lusall Taghadh Clao) s pui
4l Adjaa plall jlual) Jalads il LLocal Path Planning sl Ll layadsy Path Planning
215 A G lsall JalS ol e il Gl o5 g s pall TGN Gilsally gl Al il
JalS g8 g yma e Gl Jae B 5% Leie Lol LAl gyl T o 08 gl Adadilly a3l
ASatll Al Cuan 5 ey Aiiall a3l 84y ddassall Al e Gilaslas pen Aladl oda A Gyl e
J10] Asal) Hlocal) Jashadiy Cayay Lo 1305 40 agllaall 4dan (st sy Loy 43 Aalal)

s hagd Cagas sl DAl G (0) plall Tasladil (G ent Al e AN e BUG Slaeylsa e
e Jpumslls gyl rands o - (astg ll olS (S digpma e Aidl) lasall laally () Sl
Cansliall Al 3lasly dagaal) Ll (e Cigag ) e 83 gmsall Chlulall G i 8 seaniy 33 siiall
) il

148l g cuadl) Al

e sy i sty 5paY) LY 8 € I Alkial) Alavia) Wl 1) il ading Cias
TlalS Gl sba o ylaall sleall Slail (8 auly JS& i Ll LS Loy s de lially 43Sual)
Ll el aal il e dadads g [11] Wapee s )l aay 3l Ts Candl cililae 5 A gil) bl
~A) AIS gal) dagally Al (e Cigagyll (Sl 43Sl

231



ssals ¢ peayll e cagla BUg ili)lsa aladinly Jifie Cigygy 3S5a Jaylads

Faslan b A 353l gyl peands LAIBUG e sd il e 83 S Cindl 138 Cangs
Jalad a3 Lgdlal il Lghalay 38 ) Bilpall uins e angll ) Jpeasl) (e 4Ky JalS ISy
Aaay Al o3a Gukal i (yay +(4ia gy W Taw o U8 JalS S8 g pra B (B leall alay)) ple b
a8 )l e gl lasly Jitie Cisgy o

10dlgag Cadll 3k

gsint 52y Aty SN dagpd (po psime JalSie T Csula sa5) Raspberry pi e Gl 1a adiny
512 ) Qi RAM dglsic 58035 ¢ 5581500700 deyy CPU  zllan (o (sl sl cilisSa e
ekl oSaill Lgi<ay General Purpose Input Output(GPIO) 4. aSai = jlaal AdlaYl ccubilane
ialail aal s Raspbian Wheezy ol aladiuly sl Cosulall 13 Jsrin Sy WAl eSlls 45 5SN)
Jaly cuaid) Octave  galiy alaiinly Bug Ay lss cjadl a8y, ( aad) dagids Linux (S
.Raspberry pill

Dbl Jalads il jlod aalSBUG ilia o abainls Tadi aludl sae ) ) 13a 8 Jaal) vy
355 2 e 529)BOE-BOt isysy 52 A5l A1 e sadindl Gyl Jarladd (e LT (5 (a5 Ang sl
) Gl e lalals Cilsa) il i Gkl (els SIS0l aad e (e 3525ll5 Parallax
PCi519) Jbesa ahadd Cila led

Gluluall 535 gyl Angaall Al Axgdal b Jaiiall g jlose Jalads Cilao s e g
&Sy Alasally Ga3lly (3laty Lo Joadl elaf Y Qe ll ilga) o) IS ins [12] Wty sy M1 s
e Bl Slalual) e adind o lss Jayhdd Glo JAS BUG Sl s Craaa . adail) da s
laaey liajplsall el cuplisy an ALE 2501 Jsm Slaglea) ()85 Lesie Anmall 43l G (3 Ciga )l
calad) Ll s 8 aaail
:Bugaiba) lsa

e ) Gl Capnsll cmans LY o[12] ALalSiall ki) oo )il (30 BUg Cilse i ydiad
boundary sl adiig goal pursuing mode  caxell ai andl Laa pilise Sl Je @y & aaiaty
pifina g pdlae JSG Led dyaty Ally G ll dalal) Al Cangdl gt 2nd) Als je J<U35 following mode
3smy Vs dpaal) i Alaya ) i 43ld L die Cagygyl) daly Lavie Jle agph 3 Caaliay ol Lo Cangll g
) Anmall Bl Ajra (sF Cips U 0% o s (s Aime daadi g o B Jia Cangl) g ol Ayl
Al e Cyatins Aga) lsal) (8 Ciagdl e A ek Jag Als dlay) DA (e (S (5 Adjme clS
nBUg oyl cesin[13] ad) dsasl (Sar Y Giagd) o s s e Gandl dlee s Alla
liray)lsd Lea Jiiie Cigag)y sl Jarlads 8 Aensisall eyl Gl el o W) ([14]a8p0 11 ) cibeas
.Bug2 5 Bugl

232



Tishreen University Journal. Eng. Sciences Series 2017 (3) 22l (39) alaall dswxighl o slall @ (o i daala Aok

:Bugl da) 53

4ayylall el ddaliy o2 55 Obstacle avoidance (3ilsll cuiad il ylsa Jilsl (e Bugl dpe)lsa 28
Cipas ) ol dies Baah al) o2 88 [15]  cVlall any b Cingdl e T Gl s 8 Ll )
Alaall leny sy il dlae AR Lte Ty A Al ) ey i (3lall 138 3908 iy oy 43 (3ila)
smy @lall Jgn Cagrgyll ALalS 550 aay elldg JEY) daloall 13 ALl (385 5 ey Chnglly Al Adaiil) (o
s ye () asaad) aiii Alsye o laany S 3liaall Al ) deay (s Gladl Calsa aiil laaay G )
g el Cangll ) Yoem gl Aha) e U s s any Gk o Cogll g and
(1)dSal 8 jeda LSl b AT lile Canlay o 4bagd Jomy s aficsall Ladll 138 Ladagipes )l

Ll galiony 43l ) ogllaall lusally 3)lae Tan Syl Tigyla daa) ylsall o3a alainly cugy il el
) deasll Ty ol e dlin of Wila absn ) Jseasl

.Bug1[16] 4mjlsa (1) Jsi

:Bug2 da) 58

Carglly Al Ay S loe a5 DA (e @l ALl L) ALl Gan€ BUG2 e s
Lo gaall i Alaje ) Coggyl) gl iy Cangl) sad aaad) Al pel (elalS lesal) lld oo (s
e sl L aalg A ALl Jaal peise s e (35lad) Calga oty oy ladie cafyla b lile Canlay
LS Cagll sat andl Aage N Cigrgyll dgay lavie S lsall Jae e Jaall lld (g5lsty Lavie s . Cangl)
Bug2  dxilsd Jag Lo laag Jaid saals 8ye jluall sl dpa) )loadl Gl 4 Cagygpll g, (2) IS 8 el
oY el SBUgl daaylsd (e gomls Juadl

Bug2[16] 4} lsa (2) Jsad

233



ssals ¢ peayll e cagla BUg ili)lsa aladinly Jifie Cigygy 3S5a Jaylads

o« 'leave point” ol olys oanall Aaja ) @lall i Alsje e Gigagyll Jsad Aol st ey
Iy s olld ola Sl \glSe 8 Al olli g gii o 13 . BUG2[1 7] s lsa anii 3 s Aalell 5aY)
Afle Y Glila b il Jay o (e 8yl Ak ol LAY O LS L bl Jb e maals
:TangentBug 4.} 15

Al aladinly GigagHll sl Jasall alada by 3 Adluall Glulua e TangentBug 4.l adias
Range  lulus ajle Tifie Usygy Loy lsall oda SIai [18] oISy [ lsall Jola Jilis 3 e slaal
syl Al il JS uwad e 1ja6Sensor

438 lile dipl 5 Caolay Ladie s (ile Gty ol Lo Cangll g dpa)ylsall oda 3 sy )l any
Lt 3 Al ddadilly Cigag )l oy AdLudll) Heuristic Cost 4,ali)y) 26N e Jls Al Adasill e Cay
Iy L ailal) Calpa ity Ty gl 6 2Ly 2K Tag Laxie . (Caaglly Adaial) Gl sy dalosal) 4l Lo sama
ey WS agaal) am A e J8 Cangd) ) raad) A e Ladie caagl) () xasd) Jaas ) s )

A(3) S
.l
J '\‘r:
.. 7,,| e Al .
[ ?‘l = s
.TangentBug[16] 4. lsa (3) Jsill
Gkl b

Aysllaall Al (it Cpaay Lay Cgag s oSl Aaghiial mmpall J2ll g Y Goplall Tl Cangy
Slie U LAYl lsal) Jaghadi Slod s J8 o dlsall Jlasall e Gkl Thadd il i adiad 4k
b Jadie IS Aalall clejlually il pully g sall b (po Alades ) Jsemnsll 05500 A8 pally ASalinl
.differential drive robot salsll Laalds Cisygy s Cand) 138 Jalaty 5. [20]c 2550
s JATal) Cygag At ALalddl) 5L

by Sl iy . ALsal) sl iligys W lepd ASal) 3yl ST aal Alialil) cDlaall ax
Laslads e sk U (e smmpa Lo lose il JaSial g Il oSal) vie g plaal) Uil paf ope cidlaal)
o bl

055 Lo Wles L ASa b ey e Leguany Giiline (g5 shay il 3ol Loalis gy ) ol
b s WSl Gigg )l A Jaal gl Aadie 8 passive wheel  Allad e dla) dlae olla
-(4)da

234



Tishreen University Journal. Eng. Sciences Series 2017 (3) 22l (39) alaall dswxighl o slall @ (o i daala Aok

o

ZiE

r

d/?\

[22]34L80 Al cigyg) 7 igad (4) Jsdd)

o V5 Ve omally Gl indlal) cpsilaall e IS Ao jon aSal) aag Clisag ) (g p5ill 13¢0 pSall
o Aaly Al Joa ysa Cigrg M ol GlAl 4 jeaall e Glaagn saldll glae G of Ly J[21]52s
.Instantaneous Center Of Curvature(ICC)  Laalll clai¥l Kja e Gilaall u Jualgl) gall
sy ll Al e aie A5 Lae JJaall) UitV S5 aise iy 38 Cpilaall Cpn pl dejull iy,
@ Ashl depud) i ICC Joa (symlly (el lilaad) a3 Y s W e sy Aiaad (ol Jal (e
(2)5 (1) coilabaall G

d
Ve = w(R+2) )

_ d 2
v, = w(R—3) A

d s (Oflaad) p ddlad)l Caaiieg Jaadl) o Uadl) 3S5e G Ailuall) (hysall Sl Caal e R e
H(4) 5 (3) bl Gis w R o sla) 0w LS - Gilaall (g0 (o Adbadll 0

d Vv, LV
RZE';—VR )3(
L R
_ -V )4(
YT 4

Y kil Ciaidad SV, = Vo 06SE Ledind LR pliady) e Cooa dal liala olilla ollia
b Ll Caas axie oS = — Vg 0585 Ladie Ll e Jady ety g I o Jimy 13 il
& osual gl laall G Alialg) Adlual) Coraliia & dadlgl) Aail) Joa Allall 028 3 Cisrgyll sy il
LAl

Ak g Linie Dlae ot b s Jlosas uw ¥ Gisigpl) o8 Vg 51, J gAY adl daf e Ul
Clae Alhg e sbaanlyy aaly OF (& gl slaily adige o s Lee Cisagll 3$5e o R Al 22

235



ssals ¢ peayll e cagla BUg ili)lsa aladinly Jifie Cigygy 3S5a Jaylads

23 i o LS Cipgpl) GlSa s )ie Ajae (K Cagag )l ASlaiSs Claall pns Adjaa e Casag )l
sy e pully g pall s 2m S AdBA D) LA o) GSYL Jrny Aillae ciliaa) S clull
t akaalll dal e (3,3, 8) sl ibilaa) culS 136 L oasll wlsi & V5 Ve s s R e S O Less
500 pise 3aai (5)dSall 3y g (S « sl eV 5T omalls () (iilaal) WIS cilejud ALY
o LS aall) o liaty)
Icc = (x — Rsin(@), v + Rcos{ﬁ}) )5(
V, ()5 Vi (£) oSall cliiahly e Tolaie) ¢ ddaad (o 8 Chsag )l aalsiy of oSy o s o8 WS

:V{:t} Badaa Ac pug g{t} Oz olad) (339 youn Cagag)ll Qi Ua LAQ)

x(t) = J- v(t) cns(ﬁ'{t})dt )6(
y(t) = J V(t) sin(8(t))dt )7(
6(t) = J w(t)dt )8(
v P(t+d)
AN

[22] sl Uaiy) Sy é}a N (5) Jeéd)

:4E8lial) g =il
b Ll Jaall 35y G3BOE-Bot s o Wl 5) S0 BUG iliay o Gl ) 138 5
gl Adadil 8Lyl syl asay e Lle iy (6) S

Boe-Bot <, Jead) dday A
daad) iy cisagsll (6) Jsddl

236



Tishreen University Journal. Eng. Sciences Series 2017 (3) 22l (39) alaall dswxighl o slall @ (o i daala Aok

:Bug i lss
Ll JSY) e (bugl,bug2,Tangentbug) EDEl Bug <l ylsad adpbss b Cand) 138 adic

tl o (33 23] 4 4 il pseudocodes

:Bugl da)l5a

Input: A point robot with a tactile sensor
Output: A path to the g.;; or a conclusion no such path exists

1: while Forever do

2: repeat

3: From g{—y, move toward ggag;

4: untilgg,; is reached or an obstacle is encountered at gt
5: if Goal is reached then

6: Exit.

7: endif

8: repeat

9

: Follow the obstacle boundary.

10: untilgg,g; is reached org{’is re-encountered.

11: Determine the point g7on the perimeter that has the shortest
distance to the goal.

12: Go to gf.

13: ifthe robot were to move toward the goal then

14: Concludeqg,,; is not reachable and exit.

15: end if

16: end while
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Input:A point robot with a tactile sensor

Output: A path to gg,4;0r a conclusion no such path exists

1: While True do

2: repeat

3: From g{~., move toward §gozialong m-line.

4: untilg,; is reached oran obstacle is encountered at hit pointgf
5: Turn left (or right).
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6: repeat

7: Follow boundary

8: until

9: ggoqiis reached or

10: gFis re-encountered or

11: m-line is re-encountered at a point m such that
12: m = gf(robot did not reach the hit point),
13: d{m, qgm;} = d(m.qf)(robot is closer), and
14: If robot moves toward goal, it would not hit the obstacle
15: Let gk, = m

16: Increment i

17: end while
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:TangentBug i s 1.1.1

Input:A point robot with a range sensor

Output:A path to the g zxz10r a conclusion no such path exists

1: whileTrue do

2: repeat

3: Continuously move toward the point n € {T., 0;}which minimizes d(x. n) + d(n. ri'g.;..:;:l
4: until

-the goal is encountered or

-The direction that minimizes d(x. 7} + d(n, rggm;:lbegins to increase (%, g goo7)i.e., the
robot detects a "local minimum" of

5: Chose a boundary following direction which continues in the same direction as

the most recent motion-to-goal direction.

6: repeat

7: Continuously update dy g5, Gfotiowed, and{0;}

8: Continuously moves towardn € {;} that is in the chosen boundary direction.

9: until

- The goal is reached.

- The robot completes a cycle around the obstacle in which case the

goal cannot be achieved.

- drecrh < d,r'o[[mfed

10: end while
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