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ARTICLE INFORMATION ABSTRACT

Original Research Paper The main goal of this study is to extract an algorithm for truck-semitrailer lane change maneuver
Received 23 June 2017 decision-making in real dynamic environment. In order to accomplish this aim, a new method for
Accepted 14 August 2017 determining decision-making constraints is applied based on the kinematics of the truck-semitrailer. In

Available Online 08 September 2017 . . . o Lo -
vatiable niine B8 septemboer this approach, the various points of the truck-semitrailer are evaluated in different conditions when lane

change maneuver is in progress and the critical points of the truck-semitrailer are defined according to

Keywords: ... . . . o

Truck-semitrailer the present method. Critical points are used as the main points of truck-semitrailer to apply the
Lane change constraints. In order to enhance the efficiency of the methodology, new offline dynamic realistic method
Trajectory planning is used based on a four DoF dynamic model of truck-semitrailer. By this approach, a relation for

Decision making algorithm minimum time of the maneuver is extracted based on the dynamic model of the truck semitrailer and

environment features. Based on the results of the simulation assays, the minimum reliable time for lane
change maneuver is chosen and decision-making strategies are proposed for the lane change maneuver
of the vehicle in real dynamic environment. To validate the algorithm, first, dynamic model is verified,
then the algorithm is applied to a truck-semitrailer sample. The results show that the methodology is
accurate and applicable based on graphical validation.

o2 il 4 gy az gl 5l Sl aes aw (b (logt Glagess o og oo -1
bl 1] e 0391 1595 Lsmli.;‘;.;b Slidsd )0 ob g Caiio ) Sty slaygile p Spgmw e g op et 5l (o Glarear b ages jgile

Please cite this article using: s lod o3l 113 ©yle 5l o opl @ glayf (gl
S. Shojaei, A. Rahmani Hanzaki, Sh. Azadi, M. A. Saeedi, Design of lane change decision-making algorithm of truck-semitrailer in real dynamic environment, Modares Mechanical
Engineering, Vol. 17, No. 9, pp. 351-360, 2017 (in Persian)


http://mjmec.ir/
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1830/E-%20%20171830A%20-1.docx%23_ENREF_1
https://dorl.net/dor/20.1001.1.10275940.1396.17.9.17.3
https://mme.modares.ac.ir/article-15-2536-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1396.17.9.17.3 ]

UKot 9 el Symu

%519 SSaelind Jouxe )3 Hls )il Ow_hliuéﬁ,ﬂ),ila 3332 G5 paouas @i )98l Ab

[14]

Soolizs Lyl 50 (655 prona 0y aid 5 plondl Slalllae iy )
C3E ) s gle ol am 0 45 Line gl 4 el st > Bl
(g 3 peis Skl slagoes lulid gile 9,8 5l (Sloy De
ol (5050 S xS preal 3215 (SLb )0 5055 Selus Ll 5.8l
oS a5l ploml b imgs ol o 1) ol o a8 S L5 3 1S aS
Omend b bk faend 00liS (59,095 Sl e SuTsb b 5l 0 )le
P A5 g 9 A o gle plnil ploy Jlam e (S 0508
9 Ggile e o SLbl lagyogs Lulyd 5od) (o8ly Solins Lyl
oy oleln b Gangn gile ploxl oy Jlao dslae gl il 5 s
G5 el 9>lg Sl e 0altS (59,055 gy Nl ls Ssls
By Seelis Lalyl )0 b faes eariS glagyoss bt Laised Heile
el ) i 4 e o) Sl o b

P93 G5 03 (o8 518 (o) 3 9590 S8 rne lolas (gl i 5
« QT 2 oS (Soletws Lals; g 5 Jaes 0aidS (55,095 (Syre &
20l Jesl 5 Gloj 9553 (et (B9 ey (i ) 2310 0 im0 O j50
oy Sy (9, k0] Al 4 055 e 1B oy 9550 (S Sl o
Pl A 50 995 o0 gl Al ki Saes 0aldS (59,095 55 (5,5 0S
e 0aitS sl b g jeile el Gley Jlas abal; egh ool
G ol 3 93, b bl el s, ool
S5 ol STl gl o g 00 5 (oo W) (el o (5,185 as
e a4 s plosil (slos o ool

O JECIN
hla b oS ol (slasye cniomb 5 orimly gy adpe laber wix
Slgee (Folo (me 0 Wld g S G (S lulpd Gog
gy ol 5o djle 0oyl 1) las aen gllas s S glafElas
95995 (Job Sy e GAgas jgile plnil D pled )5 Sanl ol (52

sl o Jlath o T Job Gl 3l azeti o 5 wilay Cols
Lo s orib b @) daly, gllhe gy a0 glalezais doles
AR s ] 5 (gl BB QL 5 ce e S 555 S50
23,5
y(t) = yo + ait + ayt? + azt3 + ast* + ast’ )
Alrogle Sletl s g9,0 Ao )5 5,355 Loy Loy 5 bl oS
e G 50 5,095 sk Lo g il (B8 4 azg bl Sao
2 e Pl seile Slosil g lal 0 5,005 (oye CLLS Hlade s (A ga5
el 0 o0l L (2) olas o Gob o b ol g oo 423,5 Li

y(©0)=0 y(tm) = —H
y(0)=0 y(tm) =0
y(0) =0 () =0 @)

2wl e Sl H g jeile plsl loy Santy, o) jo a5
Ll la aged el

X slo,g2e iz e Slabe olfiws b jeme (g5le Jow cpl o
e (GLwl) 5 Sgas ol s jue liwly WS g4 Z 5 Y
)océl>us)gwmw)wdub);bs&sybmduoéb
o5 (1) Hslan ;5 (2) 2y 51 5550 bl Jloel L inii o 438,5 ls
235 oo gl Bl B) Aslre IS 4y yauno alolro oS

1 Offline

9 ol 17 095 1396 ,3T (e Sl (Swie

Ta109,9 codiad Gazed (S fovezn Slaysile Dl LS (s jeile
12155 Jloel 5 (2l 1, Hlis (slag055 5| (28,5 S L ol 55 5]
20 a5 1z 00,5 oo arslis Sliola o guw Glgis 4 bas higed sl
Sl oolidl Bl bl bas e 51y ool)F )5 Slslar l asje
L ol 65550 5 (Foiily slaygile nyishas 5l (S soile cnl 4,31
S99 (#2555 ok e pe it e o Alr L S)b S 5l e
Sl azlge SLLI slag 093 piiie Copu b S0 S5k 5l g 55le Sl 50
Slilas o 89S e lyisas b rgad sile (slp (S st 5]
Coanl b 5 azgi 0)50 sls 355 (Sailly slp WIS 5 ol o
Sl ceslin w080l 8L 9, » 3k Slides g, nl 5l (1] el
2 S dialy cpl e el oas plowil 053 lag s 5o b (aygel
3 250 alold 5 oy (55, p b3 (ags Sz g eamly e Sl s [6]
olas 171 53 llKen 5 55 o)l 65l b g e ol sl
8l playd gl a5 oloj 2 Wl ed slr (59,095 95 o ol
oo datie 95 (nl p 25l 65,09 e &S (Jipe o WL axily
o]

S0 b Jae cpl sl @l 1) TUG-LCA Jow o )Sen g crpoms
5 9539 Siloirw ululp Lo (Aigas yoilo plonil (sl (oal 3508 585
Slagyoe> sl 1) patin S peeal GFl il ( Sealus bme Llys
18] el 05 5 &l 5l (65

4l g e ST 23z pagie S (9] ol o liSen 5 Lo
ol Goglys e s all JBSegs (Sadly slp gy adpe slalex wix
wiz polie Sl g Dbl slp el slagtg, ) eslial oS
S i, S Sl i s (55,5 i 3 e cshaler
ol 009y ST oz Loy lye

P $lp v sz b e pe S e g gl
Ly bl 5 (Soolod Spgo 4 a5 WS (Hhb b A
s e 0aily & ) Jedll puSe gl comlio o ] oISl ot
Lo Ll Slis eloly a8 8l 1) SulilB cpl )9S5 i [10]
Skl b (S ool JSon s S LS 5 b 05l Sleyje,a
sloygile plin )5 a5 Widged Slrin b3 g Hsile ln YL Lol
b o] i o S oaiily olazel Lialiél 4 coald 525 pac b olyan
sloceabd sae SYliml oS oy slagiale;] mlbs 5l eslaiul
111 o5 ganaide bas (g gl (8L Lulps o 1, oasi
ol L et e gl e s 550,05 sl Sl oyl
Pl coslie plos 5 (29,097 o (S5 sLad aatin g0 ululy )L
5 5055 laysile sln |y o) nl s 5 05 ke [12] 0 sile
Sax wh,o80 S )% (chagh o OhSes 5 gk [13] ol e
lad oy b pags jple oy S g9x0 ln ALl SEl
Gl jiw slagamls b (8ly ooy 5 (29,995 o SBIF el
5 Joize 3y5ln & Olgiee 02Tl nl lagasallys alez 5l aisged
5 (s Oloy 5 999 Om (SBlS lad) plb Sl I ilats
255 o,Lal b (g seile sl Jlgen 5 el (Sloj @2 e e lF
Ol ool ogdle a8 s )ls 1) Cobl ol ooleiing sl Bk
ls slogynp5 lp s g ke 55 oaily JSed e S
ol 08 18 eslial y9e 5 6l S5 (SBl5 ladaoe o g
el oal Ll s jlailiwl (5 lgm slag 095 @0k (59, «s28ly Oloj iz yol

352


file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1830/E-%20%20171830A%20-1.docx%23_ENREF_2
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1830/E-%20%20171830A%20-1.docx%23_ENREF_3
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1830/E-%20%20171830A%20-1.docx%23_ENREF_4
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1830/E-%20%20171830A%20-1.docx%23_ENREF_5
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1830/E-%20%20171830A%20-1.docx%23_ENREF_6
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1830/E-%20%20171830A%20-1.docx%23_ENREF_7
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1830/E-%20%20171830A%20-1.docx%23_ENREF_8
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1830/E-%20%20171830A%20-1.docx%23_ENREF_9
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1830/E-%20%20171830A%20-1.docx%23_ENREF_10
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1830/E-%20%20171830A%20-1.docx%23_ENREF_11
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1830/E-%20%20171830A%20-1.docx%23_ENREF_12
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1830/E-%20%20171830A%20-1.docx%23_ENREF_13
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1830/E-%20%20171830A%20-1.docx%23_ENREF_14
https://dorl.net/dor/20.1001.1.10275940.1396.17.9.17.3
https://mme.modares.ac.ir/article-15-2536-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1396.17.9.17.3 ]

UKot 9 el Symu

wilguﬁy@éhga)é)hﬁwgw_hkuéﬁgﬂ)yh 3332 G5 paouas @i )98l Ab

b (10) Laly, ;5 il oo Ll sls S s 0araS s laad a5 Luil 5
Jate Jme IS @ 4z g b ol oo solatul = slay = 51 (13)
P e aS oaiiS Jowe Slaisee a Cund (X, Vp ) b e g 00iiS ps
2 s alols X gz 0 R ojlail o)l 18 eansS o> S 0 55, o
ol 00 &) a2 o Dlaisie jo Jrade Dlaise (14) alal,
{xp} - {—R} R Xp = —R(C?SBC) + x.
Yp 0 Yp = —R(sinf) + y. (14)
oolazwl b 5 (16) 5 (15) &Yolee 15 8) 5 B) «(4) Loy, 5,13K> L
0575) 93,5 50 dpusle ) Sjgo ay ol Sy 28 L (K, Vp ) Sl

(w‘ W) djl)l O Cewgm 5O d...wl;m

Xp = Vyct + xo — Rcosb, (15)
—6H\ .  (15H\ , (—10H\ , )
Yp = 15 t +(t_4>t +(t 3>t — Rsinb,; + y,
m m m
(16)
. R
Xp = Ve + < (7

. Yey2ye
21+ 2
—30H 60H 30H y
A
t t t . Yen2\ o
m m m xe(1+ (x_)z)2
(18)
9 0iS G Jabe ooy 5 (Job Cepe ol ki L
aolee &g 4 38l g b Faed Glial) G asly (X Yp ) b
Db n e (19)

0, = arctan(},]—p) (29)
Xp
2ol b paes assS bls (19) 4 (16) «(15) luly, ¢ 3l b 951

BB 23) b (20) ©Yolee &jgo 45 wiloads sols las 1 s jo a5 aig8

{xlp} - {_LbackT } 5

Yir) U= Lgiger

Xip = ~Lpackr (€088) = Lsider (sin6p) + x,

Y1p = ~Lbackr (sinf,) + Liger(cosfy) + ¥y (20)

X2p ~ LfronT}
{yZP}_{LsideT -

X2p = Leront(€086)) = Leiger(sinf,) + x,,

Y2p = Lron1(5In6,) + Leiger(c0s6,) + v (21)
{xSp} - { Leront N
Yap) = =Lsiger
X3p = Leront(€080p) + Liger(singy) + x,,
Y3p = Leront(5in6,) — Lsiger(cosb, ) + v, (22)

Xap) _ (—Lbackr
{}’4;9} - {_Ls?(;:eT} -
{x4p = _LbackT(COSBP) + LSidET(Sinep) %
Yap = ~Lbackr(sinbp) — Lsiger(sindy) + v, (23)

o Ogu8 i -1-3
$9y09> ba> Lagss jeile alsl sl el Gloj 5l (et jslaie
plnl pln jo lade 5,055 o5 Lol cllo ez Gl aes onas
Trog dalol )3 &S (oyh 4 008 e )1 ol Loyme o b gl jgile
(st Glo) S cdle o gy el 0ald a8 5 a3 0 04 o 00ld
ooy Bl 5,5 L5 5 L Bk 5l oy wals e stode 1 UK &
gl e Gaisnd jsile plil (6,5 reual o )sSll I ysile el

353

- (e (er ) o

m m
Sloj 058 e j0 s ayeed Lol doles lgieas alie ol jo a5
18] 55,5 o oolitul L yidos 0aiiS (59,095 (5lp (yosl e gl 5l o

S Fdosd ouls” (695095 (S b Oilaskin Zl Sl -3
3,90 ate 59,955 alize blai SYolas ;o o ol jl Ayl 4 axgi b
Dedise (Byme 9055 ol 1SS o i LS

CiS & (K Ve ) oS 0y S ye (0,0 9 (Job Lo g Dlaite
o3k 30 (Vee ) oarisS Job Cacyus g 0 00,9 (7) b (4) &Volas yo
Lty e asly «(8) Wolas el oad 255wl gile alxil s,
wes o las 1y 38l g oauns

x. () = Vet + xoc C))
—6H 15H —10H

ye() = 5)t5+(—4>t4+( - >t3+yOC &)

% (t) = Vi ®)

—30H 60H —30H

Ve = S >t4+(—4>t3+(—3 )tz )

. (—120H\ ,  (180H\ , (—60H

5o = (== t+( 4)t +( 3)t ®)

0. = arctan(i@ €)

oS bla olaie i 4 (13) b (10) Ly, ululy aslsl o
0575 (pizred 35,5 o il oad colatul SYslae jo a5 IS 4y onnS
A3) b (10) Luly, o a5 & pad 45 5 Slbl slag,oss (5,135 60
e oo o)Ll T 4 daldl j3 a5 5,5 o plsil codual
X1y _Lback}
{Jﬁc} B {+Lside -
{ch = —Lpack(c0sO;) — Lsjge(sing,) + x.
Vic = _éback(smec) + Lgige(cosf) + . (10)
X2c . )~front
{yZC} - {Lside } -
X2¢ = Liront(€080.) — Lgige(sinf,) + x
Yac = Lgront (sinf;) + Lgige(cos8,) + y, (12)
X3¢ ~ Lfront}
{y3c} N {_Lside -
{ X3¢ = Leront (€086;) + Lgige (sin6) + x¢
V3¢ = —Lgront (8in6;) — Lgige (c0s6,) + y, (12)
Xac ~ _Lback}
{y4C} h {_Lside -

{x4c = —Lpack(€osB;) + Lige (sin;) + x,

Yac = —Lpack (sinB,) — Lgige(cosb,) + y, (13)
LL’mn\? K Lh”t‘k

Fig. 1 The Specifications of a truck-semitrailer
S yidegd oasiS S Slasie 1 b

9 o pleibs 17 095 1396 ,3T (I3 SHlle (S


https://dorl.net/dor/20.1001.1.10275940.1396.17.9.17.3
https://mme.modares.ac.ir/article-15-2536-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1396.17.9.17.3 ]

UKot 9 el Symu

%519 SSaelind Jouxe )3 Hls )il o..\.iahf_h';uéﬁ}ﬂ'),.ila 3332 G5 paouas @i )98l Ab

Oley Do el (o2 3590 LU i ((Job Gk o oloy T Jgur
la,gile plox!
Table 1 Longitudinal compliance time for investigated couple points
based on lane change maneuver time period
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Table 3. Compliance time for 3c, 3p and 4p based on lane change
maneuver period of time
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Fig. 4 lllustration of truck-trailer and other vehicles in second, third and
fourth states
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Fig. 12 Three-dimensional amended time surface to lane change
maneuver by taking three parameters weight, friction and speed of the
truck-trailer and original surface
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Table 5 truck semitrailer parameters for simulating
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Table 6 the possible different conditions to the truck-trailer lane change
maneuver and the proposed time
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