Multi-vehicle trajectories design during Cooperative Adaptive Cruise Control(CACC)

platoon formation
by Qinzheng Wang?, Xianfeng Yang?, Zhitong Huang, Yun Yuan
1:University of Utah;2: Leidos Inc., Saxton Transportation Operations Laboratory

The total fuel consumption
Sequence PI‘OtOCOl for all CAVs i1s 0.38L when
400 - vehicle_id - - - -
- the trajectories Is designed
>This study aims to design optimal vehicle trajectories of CAVs Arrival time: the sooner a CAV arrives, the closer it Is to the itlzatior P v E :’ without optimizing fuel
) . - -y - : - @
during CACC platoon formation. leading Pf)_s_ltlon | | - - Ser fom veficl mbeded vt %200 - 5 consumption. After
»A Dbasic scenario and a destination-based protocol to determine ;;1 = | =3 | 1 U tesieofCAC: | o’ a —~+ 3 optimization, the total fuel
- - - - | I I | 2 | | :: empeddeda venicles on managea lane i
vehicle sequence In the platoon Is described. = | H — D] | beceterarg) |2 RSN A e . * consumption has been
» A space-time lattice based model Is formulated to construct vehicle [ CACC: 1 1 H. | 2 on menaged lane the minimum 2 reduced to 0.21L. which is
= - - - =y - - = - | | | L | —i I =] Determine if vehicle i can = .
trajectorles_ considering boundary co_ndltlons of kmematl_c I|r_n|ts, =) placcon = @ | = e change o o _Y_ L PP about 45% of reduction.
car-following safety, and lane changing rules. The objective Is to 1 - | / | | 4 No | Update the state of vehicle Update objective o Time (s)
: : : : : | : | | | :: ¥ Yes ) - -
optimize the vehlcl_e sequence and fuel consumption simultaneously. A | & i | L= _ Uptatethe e of v | CAVSs’ trajectories during platoon
> A two-phase algorithm is proposed to solve this model, where the - g | deceterate Y- Iaccelerawf normgl ane ke formation
first phase 1s a heuristic algorithm that determines vehicle sequence —— ! A o . . . . .
P _ 190111 _ g t=t t=t, I T B | CACC empedded e CAVs’ sequence In CACC platoon with various situations
and dynamic programming Is adapted In the second phase to Process of vehicles leave the CACC platoon in which the vehicle e changing area? Return m e e (e C o Ty e
optimize fuel consumption based on the determined sequence. sequence determined by arrival time (m)
inatinn: ) inatinn i : 20 vehicle2 - vehicle0 -vehicle4 - vehicle3 - vehi
Destination: the farther the CAV’s destination Is, the closer it NO Vee,:'if.ff_Vsﬁig,'eeg_vsﬁig,fj_Vgﬁig,'eeg_viﬂii',ee;
is to the Ieading pOSitiOﬂ Flow chart of vehicle sequence determination vehiclel - vehicle0 -vehicle4 - vehicle3 — vehicle2
I . VehicleO — vehiclel -vehicle2 — vehicle4 — vehicle3™
Problem Statement ey =y nitialization
| !_I 12 | [%1 | 2 “ \ehiclel - vehicleO -vehicle2 — vehicle4 — vehicle3
: :: : | Detefr;?i;? g‘iéeé_‘;':naé'eﬂﬁﬁi\%’h}’ﬁgib'es \ehicleO — vehicle2 -vehiclel — vehicle4 — vehicle3
» Two lanes of a freeway segment, where one Is the managed lane for e | Y = I 110 Vehicle0 — vehiclel ~vehicle2 — vehicled — vehicle3"
CAVs only and another is a normal lane opened to both CAVs and platoon :il Sace : il platoon . Updatethe stat of all vicles 120 VehicleO — vehicle1 -vehicle2  vehicled — vehicle3”
= = | safegap(m) inal vehicle sequ
HVs. All CAVs on normal lane are ready to form a platoon on ! i TR —T——
managed lane. i - {35 SE " the determined secuence and otmer I Vehicle0 - vehicle1 ~vehicle2 - vehicled - vehicle3
o ' : )’ | = number n constraints Vehiclel — vehicle0 -vehicle2 — vehicle4 — vehicle3
/»g RSU ——- @@ \ehiclel — vehicle0 -vehicle2 — vehicle4 — vehicle3
/// SLCC platoon No All vehicles pass the feasible NOte: S iIldiCﬂtCS “Optimal” |
/ 12V lane changing area?
/ Managed lane P PIE ] -, t=t, tot, _ o>
A Process of vehitles leave the CACC platoon in which the vehicle . g
Y : sequence determined by destination : e
- - - - Normal fane - - q y o All CACC-embedded vehicle go'z' “ fler opfimization o] ‘
on managed lane? 8 Before optimization
Connected and Automated COT Human-driven Vehicle 2o 00| W | | |
— Model development Tt
The basic scenario of CACC platoon formation SEn e ConpEer Leno of el ane chansingara > The achievement of

Flow chart of fuel consumption optimization

» The vehicle sequence in the CACC platoon has a significant min(w, * F; + w;, * F;)
impact on the platoon formation process. Fi = Xty Xeiva (i — 25,0) * £ (dijo xij.0) sequence penalty Numerical Study

( m n

eXP( k=0 Zi=12m=12n=1 (Lmn * (Vi) * (aik) )) ajx =0 :
' B ’ Fuel consumption - L .

exp( II§=0 Z?=1 ngn=1 273;:1 (Km,n * (Ui,k) * (ai,k) )) air <0 Scer:\arlO deSCFIptIOnS. . )

\ » Five CAVs on normal lane and their locations are

x0(0) = 20m, x,(0) = 40m, x,(0) = 60m, x5(0) =

80m, x,(0) = 100m ; thelr destinations are d, =

Fuel consumption (L)

“‘ the optimized trajectories

were reduced by 42%, 46%
and 43% on average.

optimal sequence subjects
to many factors.
m. ... »The fuel consumption of

e T T e

S.1.

Connected and Automated Vi (k T 1) = Vj (k) T a; (k) - At 1 €l

Connected and Automated Connected and Automated; — longitudinal movement
Vehicle ‘ Vehicle = Vehicle g — — — —
tot, t=t, -1, ik + 1) = x,(K) + v 00) * At + 2 x 1y (k) * (A6)? — 2888’;‘1’ dy = >000m, d; = 4000m, d3 = 2000m, d,
«) () ) — L _ : : . :
~- QRS A RsU . A RV u(k)EU VKET i€N B _ > The Initial speed of those five CAVs are 80 km/h > This study proposed a model to design trajectories of
. R — o < () < v ke e N | control constraints and the safe distance are 15m. CAVs during CACC platoon formation that yields
/ \ S\ /o | min — Y1 — Ymax ’ . . . . :
_________________ i | | ., - i » The starting point and the length of the lane optimum performance on vehicle sequence, with an
j . vy (3 =1i(k) = b (k) = Oy (k) X M+ xi (k) = xy7 (k) = Xsape VI€ L €Lk €T | gafe changing area are x, = 120m and 400m : objective of minimum total fuel consumption.
Connected and Automated Connectedvggfclf;ummatedi [ Connectedand Automated (2 — E(k) — 1 (k) — 01 (k) X M + x0 (k) — x;(k) = Xgqpe YViE€ELjELkET driving > The control variable is from U ={-2m/s?, — »Using numerical tests, the proposed model and algorithm
t =t t=t, t=t, S U =1  vieljelLiker - 1m/s?,0m/s*, 1m/s? 2m/s*,} has shown its promise in optimizing CACC vehicle
. L . SR SO g > The maximum speed is 120km/h and the i ' iS|
Platoon formation process with different CACC vehicle sequence lane management P sequence and fuel consumption with a promising

X < Nolxi(k) xy(k) <x; VieLker _ minimum speed Is 60km/h computation efficiency.



