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Trajectory planning and integrated control with the Nonlinear Bicycle Model
for high-speed autonomous lane change
Hadi Sazgar', Shahram Azadi*’, Reza Kazemi!

1- Department of Mechanical Engineering, Khajeh Nasir Toosi University of Technology, Tehran, Iran
* P.0.B. 193951999 Tehran, Iran, azadi@kntu.ac.ir

ARTICLE INFORMATION ABSTRACT

The purpose of this research is to develop an advanced driver assistance system (ADAS) for the
integrated longitudinal and lateral guidance of vehicles in high speed lane change maneuver. At the first
step, the ADAS by considering the target vehicle position, the speed limit of the road and the available
range of longitudinal acceleration produced several trajectories with different acceleration. Then, by
considering vehicle and tire dynamics, the optimal trajectory is selected. Therefore, the chosen
trajectory is collision free and feasible. Because the trajectory planning is carried out algebraically, its
computational cost is low. This feature is very valuable in the experimental implementation. In the next
step, using a combined longitudinal-lateral controller, the control inputs are calculated and transmitted
to the brake/gas and steering actuators. The integrated controller design is based on sliding mode
technique. Trajectory planning and controller design is based on a nonlinear tire model. Simulation
results are presented and the results show the effectiveness of the integrated longitudinal and lateral
guidance system.
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Fig. 1 Integrated longitudinal and lateral vehicle guidance algorithm
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Fig. 2 Lane change maneuver
S b g yeile 2 g

osliinl (55505 3l S Gliiee 5,095 axplir & Sl o> @ oS
oy Lt 9,95 5l Sl slp (Jalyd iz 58 el (oot 095 5 aiS
S5 b Ceens 4 S p 215 s (s 5093 o Sl nl (Seee
Om Aol alold g adsl e p oS Sl Gl (22 80 e i pglone
ol 3 Sl gile aS Conl (gla5eT 4y 9,055 g0

el 53 9,00 bl (r St 2 Saare M crl skl
Sl Joo S Ll Gl gl 905 ool 9005 4z LSy
@95 4 oo ol ed b Jue ool el 2B 5 90355 Gl cenlie
e o oLl (gl sl Sl 9590 jgile )3 pienn (oABly 18, Ly
5 Jelos 990 CB5 a Sl oyee yeile )3 pU g 5095 8, b el
©olS aeld 9 Dled B s Jlow (ol 4 4z i b aslol ;50025 )18 (o 2
5 S5 e (b bR ol 0 SA g s S gl
Al gy 338l LSl s s6lgE ol i S 555 o e
Fod BB Slaslre o w0 @0l o2y o501 a5 el ol 500 i
BB gm0 Sl 5l eolatul b o1 5LS 9,90 slaosls (riomon g atils
DS s sl S ol o 425l L L (gl
S5 )5z 3,50 Wb L a8 Canl bl a5

ol d S -3

L 6] ol a5 1250 Jow los Limgs cnl 5o oad soliul Seolus Joe
S 5,095 (aBly )13, @ Joo )3, o Sup jshie 4 bl
Joe ailoads aid Sl o B (it el Jue g (Job b Jlsl asle
S dlsle 9,05 S SVolae A dw 4 i |y (Slns
@ laid cnl 51 S e aslsl )3 dged upend pb Seslus 5 252
0,8 Jle o id fuwads

9995 &S o> Yol -1-3
aw Jolis Jaw opl el oad ools lid 3 JSS 0 9,085 a3 290 Jaw
CoanBso (Jsb Cumbge Sly iy 4 &5 eon gy a golil 4z

02 o)losts 18 093 1397 i)l (oI SHlle S

sleejsm jo Shlee il wiajl g o)l (g0l Sl il sleas
WS e b el iln Jls ole wile e
oaiily SaS sbpivngn | oolaiul o5 dalgs Sags S 5 g3l o
hans ol Slal glallas 2alS oy ok o> o, 5 S
g oy gl alf jslane a4y (5 ks ousil) SS lapi atnds
ol 3l oy ol 5,41 Wloas sols anwg SUjks Lulps 5l e p
P sy o9l wdgs Al po 4y gola 5 oad Slles Cliies
JrS Glaptams (B 0o 5o Glaptans jl Ojle gl oo et
JAS 335 i w0, 5 itz (slagtos 5250 (sl
L glapiges 25> b 5l s gyl ks clapiaes o horkes
Sopins 5 &> b3 agl Gl (S Glapians S b
ol 45 39 oo 0d0lin 39> Glapis pw)yp b Cwl JSees S L
2 el 9053 ooy ol by sk cale oje o b b ()
—Seb 4 LSS colan ailsn oS gleaws]; SaST slaptiin olass a4
ebosguze 5o Sl olge ped el Sl wims plxl |y oo e
soysle jo Jb je a4 cal Sl oole slaygile sl Les g anils
o Saalis 5 Job Sy 555 e sl Sabdr <
il s ls 35z g pb slegye 5 Slains (Sealys mhw (paiz 0
Colaw 1) 9,095 slaygile cpl Ho Wlgy a5 0ol S8 i S @y LS
235 (o0 ol (095 4 0

s deldl )3 sl 5 250 @y allie pl Gt lai ez
Jae 0sdioe (Byre adS Djgo a4 oo -k 4zl ol
o Kloads &)l pgn jidu (o Jradh 4 pl Solins 5 9,085 (Solio
Oegi onl 5o edlital y9e Dlodb g o5 asld (Byxe 4 am
Fhb Sl iy @ wid g ey sl o ol adl plais
@ ptie it Sl ons S oo 4 Lo S5 (b g S8 e
oloiinn 4z LSS colan o550 0 Sloe oy p 9 ilodnd @S ole
Sl iagy @l sl 5 S e 8 bl o el 4l plais
ol o0 &l)) g 50 5 (IS B, sylb Ll g oylo su]

P F ~ PP bR Colid i (20 -2
spie 55 3 L S el s K ) gy ) s
Rl Seals 5 9,055 Soolind Ban 9055 CuaBge ol 55 slre Sy
S5l eslaiad b e 5 0050 g celis S e S T
3 lona |y comlie S (Sln533,5 o2 ~ o 42 oSy 03555 ] 25
DL L S 5 o5 lplen aslas Jlo) glesd 5 55 T3 slo Shoc 4
Sl Lol dlise Jolie oo, - Job colon i )68 cconl oals ooy
— sk JAS 9 S8 e ik 0je 93 0 35 55 gl 0 J>
Al 1 Y Sl oS s3im B s Sl & el 595 p2p
Ll o yiass 3o Sl ol

S92 0 5l izl & lgiee pysl cnl )5 Sl slaiged plgre 4
S & HY) "ol olsw 5955 w9ed o )L5l o555 5o Sl
Ay el &S o 0 Vb S g b e s )3 9 oS5
2 9,895 b oS> b o 15 (TV) TGas 5065 2 JS05) 0 25
DAD 8,05 oo jay Dad 4 Bus 9,095 abd S yo ol oS> >

1 Vision
2 Host Vehicle
3 Target Vehicle

104


https://dorl.net/dor/20.1001.1.10275940.1397.18.2.32.1
https://mme.modares.ac.ir/article-15-7318-en.html

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

[ DOR: 20.1001.1.10275940.1397.18.2.32.1 ]

ubles 9 )l 5w sala

yu .;uc)m:)lfé,';h';uéﬁ,ﬂksl)e,).\,'; A )A€ 43 5293 Jdwo ulwl j3 A2 LSS S 9 S pa pume Ak

Ty, + Tron

\Te

D
E,
P'ZT

Fig. 4 Free body diagram of a wheel during accelerating
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Fig. 3 Vehicle bicycle model
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Fig. 8 Trajectory tracking for the lane change maneuver
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