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Design a Model Predictive Control for Heavy Articulated Vehicle
During a Critical Lane Change Maneuver
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ABSTRACT

In this study, an active steering system is suggested to control an articulated heavy vehicle when carrying out a
high-speed intelligent lane change maneuver without collision. For this purpose, a simplified model of an
articulated heavy vehicle is created in MATLAB/Simulink, then three controller model predictive (MPC), Linear
guadratic integral (LQI) as well as 2-DOF PID controller are designed for the front axle steering system. Then the
constraints associated with the vehicle lateral stability based on the vehicle sideslip and the reference articulated
angle is determined by the vehicle trajectory, for the stability of the vehicle when moving on dry and slippery roads.
Also, for the implementation and test of the designed controllers, a detailed vehicle model is extracted from the
TruckSim software. Furthermore, in order to evaluate the performance of the control systems, two different
scenarios, i.e., facing an obstacle and friction change, are taken into account and are fulfilled on the basis of a co-
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simulation between MATLAB and TruckSim. Finally, comparison the performance of two controllers to assess
their strengths and weaknesses are discussed.

Keywords: Articulated Heavy Vehicle, LQI Controller, MPC Controller, critical lane change maneuver






1T Gl ¥ o lad 8wl Lablen Sl ol 4y 085

Sl 00 oolaiwl 9,095 Jsb oo (350 <ol 53
S8, dgge jebaedr LSk 5 lslon] uizran 1a]
IS S (b 4 sk (Jate (59,095 S s5luk
g 0aiiS glanaly slajsoms (sl JLd L B oaisS
DT astsy s ace oy, publp Lol o o
Oloe b 00iS I8 Sy R gy o o] rizmen
) g S (ke (353w gy el b
ales ;S sl sl (aie (59,995 yoas 5z
a5 S gy S 5l 0s5 adbi bl 58 ;S [11]
OIS B g nsS gy bl (S 9 4 e caiS
3 ogoee a6l JLad Gl b ]S degeme plgacas
oolizl Lyl 5 g ooitS (glaosly 5l alaS o ologme
=>hb 4 093 abnbl 4o 5 owimen VY] cl 0o 5
9 bl gl JLd S8 asgazme S (5lwosly 4
Bl (H,) caldm pr 9 b ane J5S by

Dyl e

o0 ool Juo S& (oyn b 5 LR 5 (gl
o b o g 0aniS a2ly 93 g 9 9k sbilsy elul
bl 99 adpe (s age eSS S 2k
aiBly h e asls sy jeme (05 pdyolesd
St yoliedy oS 5 Lig pl ;s (camgs 55 [VF]
o Omb e w )0 late 69,995 Ko e (213,
s oy gl JLeb gl B asgere S (20b
G638 eaiS S SOl Giegi ol o aslansls
&!» PID J58 o eizeed 9 Vb whaw S jslasoay
508 g 3L D0l sai soliznl ol o J S
Logy095 ol (gilwaiadsn b alal) o Slegoge |3
sybiedn Lag oss Colas g e Sz b olol
locS 18 by wilide gl b lap] 0,95 5 5l ol
Ol o Cel a5 15 G 350 liize g odiiSugs
45 05 o)Ll e g elnd gl 4 g o0 L,
aie (59,093 S0 ES > s Sy 4 o 50
bl jpliean alide o)l (paiz ;5 Jiedsn
o b gm0l po i deuload asBloy 9,65 5
logydgs (5> Ll g 9,095 (Soiletw S¥olee
3 Slbl slag,093 L0 )95 0 (g0 s yomne S
DVe VT ol oas gl seial Galises g )liw i

doddo —)

waxin sla S Jdo 4o (K Jate slag e
o=l gyl Gleols &5 Jes Cario (o (slos S 0 1S
odiiS J_‘>‘5 w_>u 99 4o I ua).)r:}u]a ) Lbs)\bﬁ.‘;
a>l9) ;b o a2y 5 (45 700 (5900 00 g5 a>ly)
Gl gleas 0425 digd co (gauaiwd (L Jo
JEE PN - JUNE DY) B YRR PE N IPRVEL ARV Y
o S b S aly Glwg S o g o
3 Log e pl bl golul s Coge wasiSaslg
o)‘}o& s O"‘ as »)5.“»64 IVEDS L;Lb)ch r:l.?u‘ Ibli&
Oz Sl 6yl (a9 990 s Ml G Glge @
ollses 5 SLblb deul, ol jo DN-¥] el s 3 13
2 Legyoe il (s sile S jskain 4y Sdogh o
Olayd J S dcgeme S wdlise slojsile plxl plKin
9995 sloygme (sl (9,5 pdygleyd ol bl Jlud
gy So ashl Gelwlp (e opl yo ol aisls sl
S gy Sl eoslhas Jate dgly drulne S wox
plosl plSa )3 9,355 S8 >S9y jolaieds (553 2
S0 Lanl e a0iles ;S soliiwl calise sla gl
=k a 5055 (gylk vae jolae 4 Koo il
Wl 5e 5 5 Gloyd elul p 4z LSy oaisS J 08 o

[y-f]

SO ‘_5_~>|)L> L ol o SOL Ko RGO

S99 S 6 i ygile dgpy an (53L8 s iS J uS
4 o 0 ol LS 5 o [0]asls y  Lads
9 Jb Jol> (doaie (55,055 51,35 Swlos (o) 2
PRI YRR R YL TR La»QT RIS NS [#] ailasts 5
Jbws Jolo (oo (59,055 SO (55555 5 (ol s5lub
oim LV-Al acsls ) agsd s (JpS Lbe,y elal
09y (d—ats $9;997 S il I L“’Q] selate
Pl Jlow py2 35 1o Comdao s wlol p Jenily
N T By S KW PRSI I S VL | B O
el g Bl B amas Jhg, wlwly Q_A..a.u.a $9,09>
amio sla,loges Sl lanbl g lul (>l sw)p cux
L iz Sy g (il o5a) pse g0 (bl 516



£ (55 5 Shales  Soabiys 12al,5) Sy b sss e plovl plfse (e Sis lnie (59,955 (sl it i Joe S5 S5 (o5

hado 59,095 oo —-Y

oald iulad ¥ S jo 3z pl 4o ouds colaswl Jow
SIG e cde g b Swlins 5l Jow ol o cel oads
O 35 0 Ceamd 10 j5mme Sy (b il slag yz g 0ns
Sy oy 55 pe Sy o JULTL sl o 00ls 18
Sl ozl @ eantS S 4 Jate gzl 5l eaisS
Wy 93 ;2 sl e Luly, (e eiaren 5 (ee))
) Joade 5,055 &8> b e (Seelis Laly, )lg5 e
13,5 i p) Oypehs

(ms+mt)(lﬁ.t+gt)ul_ms[(Lht+th)él+thj/.] (\)
=F,+F,+F.+tF,+tF

Izlé-'-mt(ﬁt +ét )utLht = Fy11(L[1+ Lht )

)
+Fyt2 (Lm - L[2 )
L (,+7)-m (B +6)u (L, +L,)é- L 71L,
=-Fally L ) -Foll, L )-Fulb, + L) ™

‘}.aiu 9,99 Slaman Jow :(1) J&w

&S Ao -Y-Y

&y Jae (5,188 4o g VAl sils wlis 51 (s9,m 5o
gl g o3lawl g ST (158le 5 51 LB 15y 0 0nlds
Slasie Gllae Jaite 65,355 Joo o jolaiecny
5 obeyd agly (689,9 b g oads sl [¥] &0 yS oalddl )l
asd)S Hla o shadl> 0,8 S Ojgoa coll (Job ey
P97 KMhce ju b j5ile S 53 9,993 (e 95 o0
Obe Shsé angly 5 IA Sasl oo Losl> Sy
aalol jo 09l 0 aid S Jlai 0 Y ISE [ 0ald ooy ylis
Sl 5 5,055 (oo plralr (S a5 s
g oo dulio oo b Juo 93 0 (oil>

hate 9,09 S ol Sy ol BidoS o
oLzl jshiieds 5 windisn L (agas Heile plol plin
s5e Sl JLsd ol b dsgazme SG (glge b3 j55 5
O Joe (S gy 4 bl 0uitS sl (sl
3 53 PID 5 (LQI) S o gy b o
Joe o Il o skt ol s el s >yl (g0l
St haie 5055 5l golT Az s a5
U5 g s g o esliiol lboaisS ]S (s jlueols
NPle 5 Sedgon 5o (e 59,995 il 5l
6 S ams s ST I3l 5 bl o0l oo i
Saie 59,355 Geal S5 e bl )3 355 0
S92y (e wdliBie (S92l 53 Sl (9,55 2 D9 o)
G 5 s ;S (003 Wgle (59,995) ol Blo S
Opiorad e g a0 ool Sl o s
a8 S g 9)09% 297 (g e (2135
Silwdgazs (bl o oad o2l sdie o o
Syg— dlog3s> (il (il lanl o o slo it
S BUCIE
oabo>hb (S by, 0, Shes anslie jolaiea,
PID 5 LQI o0 iiS S 55 MPC oaisS J 25 s ogdle
s eolil a0 4w Jow SO 5l eolaiwl b golyl as 0 g0
S3bmaiage Ohy; 3l ool by s 3950 (o) 2
i il glaggasl sl b rizmen 5 '3 plos|
1 5 00l aiBlsy laeaisS 1S el gla el peliss
S sla s, ltd S 5 (slmnly e aal
a0V 5,09 syl oo jlead adlleansS
P8 S bl e ST I8l 5 5l ead gl ml (o]
S 5kee duglie ez (bl 5o g oo oolitul diny adl>
Lagl 5l Jol> gl amlie 4 ondadl)l JuS sl
aly = ole) e g S e Gileand S obml lul

Sgbice 431y e ST3 58l b il l53l 5 L |
Sl oo =Y
asSls p anlllae 0590 (59,095 (Sile Jow a4 isu (pl po

Jome 0l )8 (5285 i )0 5l ey yelaie (09l o0

1- Single track model
2- Particle Swarm Optimization
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