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Time Slotted Communication Method for Platoons Using Rate Control
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Abstract: In this paper, we propose an efficient vehicle to vehicle communication method for platoons.
When vehicles organize and keep a platoon, the vehicles are required to frequently exchange their own driv-
ing information among the platoon members at short intervals. In the existing methods, vehicles replicate a
packet and send one after another in order to improve the information exchange ratio. The existing methods,
however, possibly cause the congestion and the hidden terminal problem when platoons densely drive. Thus,
this paper proposes a CSMA /CA communication method using reservation time slots, representative reserva-
tion and rate control. With the proposed method, the vehicles control the number of repetitive transmission
according to the occupancy of the slots. Also, the representative vehicle within a platoon reserves and assigns
the other platoon members’ slots. The proposed method is evaluated through the simulation. In case of the
condition such as the platoon inflow is 250 platoon/h and on the straight road which has one lane each way,
the proposed method shows that the data arrival ratio is 0.88 and the platoon maintenance ratio is 0.62 while
the existing methods shows 0.79 and 0.54 respectively.
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One platoon communication sometimes affects on another communication.
Network congestion is possibly caused when platoons densely drive.

N Platoon A

53 2 O\ AL B &av lod Platoon C
=0 OO O oS} [T
Bl B2 B3 C1 Cc2
| dag g FEir

Platoon B
Exchange drive information at short intervals among platoon members.

1 BREETT OBEEIN
Fig. 1 Conceptual image of platoon.
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Fig. 2 Slot and frame synchronization in CSMA channel.
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Al knows that 9 slots are BUSY around B3 according
to B3's Frame Information

Frame Information (Timeslots)
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= |
R R e
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3 ¥ A LA0y MERRIGE OBEE

Fig. 3 Time slot usage information.

Ny FEREL, M%T A, ZOR, HEICHEET SR
Oy M, A—7Lb—2NTHITERL TVl Th &
Wb DL 5, KHMILFEE 2 & OBRFESTH OEREL
AR, FEGSEIL 2B 1 7L — 2450 A0y MM
THIR & AR AR L, THRSIRT 5.

K HLM 1L 1 hop MBS HPANTEEN (LT, JEZHE) 205 D
Ny MBI, RERERMAMALESNTEZTL—A4
TR EBA L, BN % &ORIINI O 2 L, ik
BoA il L CEmWIERER AR T4, K3 IZF M LA
0y MERTERCROME L /R, XTIE, Hi Al-A4,
B1-B4, C1-C2 e NENHEH 2T 5. Al THI S
N5 A LAy MIEFITRELY 75 [ —FRHIN
D A2-A4 7% 6 IR OBS] B O B1-B4 25 ¥
LAy ALAOy Mgl laRL, 72, B3 THIIE
554 LAy MIFE—KFFINO Bl, B2, B4, ¥ A D
Al-A4, BHIC D CL, C2AMEHT A5 4 LAy bad
HZEERT. ALIEB3I STy M a9 5L, B3
D7 L—AE#READ, B3 OREEER B3 25 Al 205 I3H
WTELRVHEM2LDEREZHELTVL LNV, Wb
DN RDOGEX M. ZORKE, SHEEITEEICH
BT & JE R O sgEk 2 OB LT, AR & BT
I ENMEEE D, EERN T EIGEX R ZHET S 2
ECHEBLEEL, A5 EljMUREm AT Y M FHT
HZETHIIA VANETOAT Yy bETFHL, EhBTH,

3.2 SEXRBEIEIC & B EREEEEE

HE & BB OEER 2 S, FEHOAT v ME
FER &R B O IR s BIE & LB L, I EEHT R
E R IS5 2 L TR Y 5. 22T, il
EOEERRET VT AL %R 4 12RT. Bl k O
EHEEPANICHEET 2 I, EEBOBRAME Nupax 2 5
NZI/IME Nypin, A v MEFESRCHRE 2 W4 % 720
DOBME Thy, PIFLEHET HBME The 2 A& L, ¥k
OEXEBEL LTS, TITY XL, Bl kEASEL
TeKHEmMASENT 2 A0y MER#RO, xHEL, €0
1B THRMEEHE L7ea, R/MEZ TRRE L CTEEE
EWAHSHEDL, TRTOEMPRME L TBLT, ook
CEH1THIEBNTYS EHE LA, AEL LIRS
L CGEXBEZEMSE S, ThenoHETAT v M
THE BEDILEIC X - TIT ).

© 2013 Information Processing Society of Japan

INPUT:

I : Set of vehicle IDs whose packets reach vehicle k
Number of Busy of V;
Number of Slots of V;

N { Initial vlaue (start platooning)
o

O; : Occupancy of Vie’s slots (=

Number of transmission for vehicle k in previous (otherwise)
Niaz : Maximum number of repetitive transmission
Nopin : Minimum number of repetitive transmission
Th : Threshold for congestion avoidance
Ths : Threshold for emptiness
n : Number of change
OUTPUT:
Ny, : Number of transmission for vehicle k
VARIABLE:
—1 (increment of slot number)
dy : 0

1 (decrement of slot number)

(same slot number as previous, initial value)

dk- <=0
for all ¢ such that : € I do
if O; > Th; then
dk <1
break
else if O; < Thy then
dp <= —1
end if
end for
if di, =1 A\ N —n < Npin then
N <= N/ —n
else if dy, = —1 A Ny +n > Npar then
N < ]\/V;E +n
end if

4 EFREJUET VT X L
Fig. 4 Algorithm for deciding number of repetitive transmis-

sion.
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NO
ERBITHLTHLROVMITRE
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‘ FRAOVMS OFHROYZE M ‘
]
5 EEMIC L BIERZEROTH AT v b ERE L 7 1 —

Fig. 5 Execution flow for deciding reservation slot by repre-

sentative vehicle in case of receiving information.
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[| RESERVED for
platoon members

g &4] Platoon A

(RRNTIITNTITTT NN ITRNTTN TN N
(Reserved slots IDs) [ 1, 5, 8,11,13,14,18,......... 30, 36, 38

vy
‘ (Vehicle IDs) A1,A2,A3,A4,A5A1A2,........ A3, A4, A5 ‘

BUSY [] FREE

6 ACFEHGIC L HFEEAT Y b TRIB
Fig. 6 Example of slot reservation by representative vehicle.
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Table 1 Simulation parameters.

Communication

Simulation parameters

Value or reference

Simulator Scenargie 1.4
Payload Size 50 Bytes
Transmission Cycle 20 msec
Number of repetitive transmission 5 times
PHY layer 802.11p
Frame size 20 msec

Number of slot 40 slot /frame

Modulation Scheme OFDM (QPSK 1/2)

Transmission Power 20dBm
Band Frequency 5.9 GHz
Bandwidth 10 MHz
Bit Rate 6.0 Mbps

Propagation Model ITU-R_P.1411

Modulation Scheme
Traffic

Simulation parameters

OFDM (QPSK1/2)

Value or reference

Simulator ADVENTURE Mates
Version 0.11 beta
Intervals between Trucks 4m
Road Length 10.00 km
Road Width 3.5m

Size of Trucks (W, L, H)
Number of Platoon members
Mobility

2.5m, 12m, 3.8m
5 vehicles
variable

NCORIEREEE FNZN5 &L, 1SR 5 8%
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Fig. 7 Packet arrival ratio vs headway distance b/w 3 platoons.
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Fig. 8 Relation between platoon position, communication

range and communication load. (a) The case of same
communication load, (b) The case of partial communi-

cation load.
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Fig. 9 Data arrival ratio by simple repetitive transmission.
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Fig. 12 Relation between data arrival ratio and platoon inflow.
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Fig. 13 Time alteration of platoon maintenance ratio
(120 platoon/h).
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Fig. 16 Cumulative frequency distribution of platoon mainte-
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