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Trajectory planning and integrated control with the Nonlinear Bicycle Model
for high-speed autonomous lane change
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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. 4 Free body diagram of a wheel during accelerating
SrSolis Jo 0 F,z o] e loges 4 i

Ex P et w b b o & Gl el Ol &S
23S sled o g AT b x4 ead Jite j5ise jglS o
O Loy o glpd UK 0 oad ool plis el uale polis
aal) S5 L (oale polie gliaS izmes (el SOl Sl
el a5 (7)

RolT r w @

Sl 2B Jlo b 9500 9 (2ME Cunglitn cupo Spme oS4 g &S

2U Swliys-3-3

U B G3see sy 4 bopl SBhasl 9,0 (Sl 25 L
2S5 ok @ akl, L) pb poe b Jsb Shal g9 ol

= : {. 4 {f.r} ®)
Sle g geom e boglr Glapl 5l o e goges L Bpme &S
5250 drlone 0z ,n sl b sl o b Jsb SlShol g
FB ST @ Gl s ool (285 )L 50 b 1 (go9es g5
a8 S sals  Selns Jao ape Ll el ol ol Lol el plox
i o Balas s Snalins 31 g3y nl 50 e cal 3l 00 sl
Oype 4 939> (Job St (285 i o b pb soges (g9 9 oS
235 (0 dnlne 9) Lally; jg0 & (oS5

aeraeno -
chg_—) (ga)

f 2_( r

aeraeno
,:2—( £+ gogt ) ©-b)
2lr lpl Goges Glag s faeme a5 Sl g, (9-2) Laly; 4 4z b
el C) 5,995 039 G,

Dype 4 90l B Jgap 5l esliiul b plpoe 551, el
. Sged duw ( )
[9] 5405 arlore (10) Lals,

- . {f.r} (10-a)
= si[narc(t a), {f,r} (10-b)
=v 2+ 2 {f,r} 10-c)

O ool g plb lylid 4 asg L oaS aes b il o
9095 (yed o Salgd (nl &S Sl oal (B8 aghy (ul )0 s o
oS 00y JS SBhasl oy Sby il Gl pb (sles 6l
ok G5l emb 09 5 nb S i cl S 58l ol
el eoye 533

abadi (Job sy I onli e b sl sla b 5l Sy e Job 54

105

Fig. 3 Vehicle bicycle model
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Fig. 5 Illustration of lateral distance between host vehicle and target
vehicle at the moment of arrival
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Fig. 11 Required torques at the front and rear wheels
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Fig. 12 Longitudinal position error of point A
A alais o Cobpe i 12 S

0 0.5 1 15 2 25
Time (sec)
Fig. 13 Lateral position tracking
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Fig. 17 Local lateral Acceleration
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Fig. 18 Heading angle and sideslip angle
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Fig. 14 Lateral position tracking error
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Fig. 15 Steering angle input for the lane change maneuver
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Fig. 19 Trajectory tracking for the lane change maneuver
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