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Dynamic stability of platoon in VANET

ZHAO Hai, XU Zi-wen, SI Shuai-zong, PENG Hai-xia

(School of Computer Science & Engineering, Northeastern University, Shenyang 110004, China)

Abstract: The stability of platoon directly determine the safety of the road. For the platoon group, “stability” means that

the structure of the platoon is relatively stable when it is disturbed, and the interference will not be amplified. Therefore,

this paper studies the internal dynamic characteristics of platoon when it is disturbed. By the analysis, the variation of

the internal spacing is consistent with the damping motion, and extensive simulation experiments are conducted by using

SUMO(simulation of urban mobility), which validate the analysis conclusion. In addition, we also discuss the influence

of different acceleration on the under damping, and sum up the relationship between the acceleration and stability.

Keywords: platoon; damping characteristics; stability; IDM

=

0 35 B

B A2 B R BRI B KT B i, ZE 5050
H AEAS W38 I, IS8T — R 5105838 %2 4 0] /4,
R, TE % AZ I8 22 A T R — N HE DA AG 3 L AR AR R
IV A T X X 6 ] 8, 4 40 2H B platoon 17 B & — FR AR
T (AR o 7 5. 25495 A platoon FRIE 784 47 B AT DAAE 42
AT Bk SRR, A R I B ) e A

IR, B3 H A 41U 4% (VANET) # ¢ T
platoon [ fff 7L 1 >k & £ . platoon J& ¥§ — 41 3& 4L (1)
7 5 A R A [ ) 6 FEZ i 1 285 #4156 T platoon (1 HF
REBEALL A KK —RKRETELHFEAEN
platoon [] VANET #f 7t, 14 1 VANET () 1% 4% DA [ %
H W0 A5 R L), 55— 6 /E VANET &4 77 7E 1Y
1% & T HF 72 platoon ] 2 2 % ¢ [7] . Bernardo 250
WAL 784S 1 e 3B F 2 B 2 X platoon F2 i€ P 11 52
Mi; Rajamani 554 B 70 7 414 ¥ 1 4% £F B8 i platoon

i HER: 2016-04-08; 1&[E HER: 2016-07-28.

ko€, 1 H R LA AP Re % [R] i) 5 2 4 N S Al 15 it 2[R
T I RS E P d A ORI

ASLE X platoon 7 52 2 TP BN & FEME AT
WFFC. 75 224047 ik 2 v e G0 BP0 0018 O, X Fh
T4 2> 18 platoon [ 45 14 215 AN Fa e, 3F Hoes 2 f5
—HEZE AT Bk 1 52 v 1 B A2 38 1) 22 4 1, 6t
TP T B platoon (1) F2 i PE3EAT A 78, FFad i 17 352
BOUESE | AR 45, [N 25 T s B S5 A e 1 ]
R A
1 platoonfk RZEH
1.1 platoon YA E X

platoon %25 3 77 2 A& i — 2H 75 SRoAH IR (1) 4=
R A VR 2 3Ty 2, de MR Fh 2 I 7 04T 3 ) 42
] DA S A 2R OR R — ARG B 1A BE, I HL S 28 BRBE H
TEHIEAT B, a1 T,

EEWHE: EERESHETRIIE (2012BAHS2F00); 1L 7 EAHAH AR RINH (2015401039).

{EEEN:
e RS = INE 2SI e
@ MMEE. E-mail: xuziwen_0710@sina.com

B (1959-), 5, B, AT, NFEHN SIHEILNEEDTTE T30 0991-), 5, ik, A



1720 7 # 5 & X FRN%
platoon [ K7\ size =4 tail ZE4 leader ZF i
| |
\ |
T
platoon 2 ‘4—-‘ ‘4—-‘ platoon 1

platoon P #5[a] # platoon - ] [&]

1 platoon FY4E#

BT T A NS ZE £ 4 1 platoon.
platoon ZE4# 45 3 Ff £ t4: leader. member Al tail. 18
% IR AT NN platoon [ 247, FR 2N free 254,

leader: leader % % /& platoon [ 55 1 i 4=, 41 57 A
AN # platoon, € % platoon (A I 5 435, I H.
TRIE TR AT B BR AT, S5 THI PR 22 599 40 SR B leader 1) 2%
AT

member: platoon 1 [] f) 4= % Ay member %4, &
PR leader 4= 44T 3. member 171 57 %% K i dls, SLELAL
L=,

tail: platoon HV i J5 — A R FRON tail 240, & 32
B 57 55 A0 N S TH AR AEAE, U 5 HoAh
platoon [#] leader JH 5.

free: Y%A M platoon ] Bl ZE SRR A free 24,
MR A BE SRR, free 7T LABAE A2 K/ A 1 platoon.
1.2 platoon BRFEEH!

LR FF platoon [ 45 14 4T B 75 W S OC B £
R: VANET F1 CACC. VANET ] DA 5 i 22 4 5 3 Al
T A 38 B A I8 AE 2., A7 BT platoon FTE AT Ok
R, JF HAT DL s s =2 0 [R) o S A ok 3R
4 (CACC)PMi [ 2y 25 B (¥ 4 4 il 4 7T g, CACC %
GNCA& T WO IA AL EEE, W] LASRAS BT 42 PR
A, AR 95 X 2845 8., 29k v] DA% B & 1123
RAS, S B B 2 B

CACC #i AR K H 1) =2 & e 25 B 51 P B 52 20
(IDM)!®1, IDM & — it 05 SRR, A2 S ) 225 34T
AME T B S AL B A B R, B R R T
ZEABN J T AP A 5 V). E Y R 52 18 4, IDM AR Y
& — P 3 U AR TSR, G SR [7-8] H A T 2
IDM L. TDM R F) 399 52 = ] 2 A0 03k JB2 2 5
R
v; (t) Aw; (t)

2Vab
v\ 7SN

i (S0 (S

Forbo;(¢) 5 0 5 2 () Ik B O BE, S (¢) Dl S B (]

Sz*(t) = S0 + ’Ui(t)To =+ (1)

PE, Aw; (t) R~ 5 012 B9 BE 2, vo N B KAT Bk
P, so ATy 43 il A dse /) (6] EECRH S 8] 8] B, o A1 b 23501 K
T3 R el T 2. AR = (1) AT (2) W] A4S 3 S B[] R
Si(t) eIk =, B
so + vi(t)To + ”i(t;\i% (t) N
v; (T 4 a;(t

o) -
2 platoon R 574
2.1 platooniB{FHEHRY

JERNAETE B EAT B, T RE 2 52 31 A [ FL A 42 5
BRI, A S8 platoon 28 i il i B8 93 15
platoon [ EN A 54k, BT LA 148 T # A, A 2% B AT 42
XFJE B, BT ZE R LUK B SR s B
BURIES Ja 4, 5 F AR BRI R E BT E O
ZHUE BT E T — I 21247 B (E S a1
7K, platoon N ¥ 4 5 7%, R 75 W] LU il — 19 AL
A — A1 R B SRS N G — A1 s s RS
S, T AN R AR R 52
2.2 platoon AEREN 44

platoon [1] PN 35 2 25454 3 SR BILAE 2040 1 Y 35
() 2, A 308 1] PR A8 1 B 422 5% ) platoon FIASE 1. 24
platoon JITE B, P8 1] B 222 K, platoon < B 41 2>
AR K 24 platoon Ji 35 I, P4 34 8] #E 2 48 /), platoon HYJ
KEWM %05, 4 1 5 platoon I B A5, 7811
SN P 2 AR 1) 2 A0 R B ASE Y, 3X B R platoon
0 ) 5 s 22 73 A4 AT DA R Dy — A Y ) 2 1 BE
Je IR it B BT X AN J7 AR SO 5T IDM AR AL R
platoon £ AN [RI IR « 90d IS FE T 22 4t ke € 1 1 5
M.

1t 7t platoon 1) & 5E 14, B J6 22 € L — AP fL
B el T BT platoon, 05 P 35 42595 0 3 B 22 A
T4 AR AR T 0, A S 1] 2R 35 AH 45, W) 15 BH platoon AL T
PA AL E, I A

a;(t) =0, Av;(t) =0, v(t) =v;_1(t) = ve, (4)

Si(t) =




F9H &

# % £ MW ¥ platoon 893 A AL R 1721

T
Se _ So + Vedo ) (5)

Ve
()
HANE VAL BN, v (¢) AT AR 73 D9l 45 1
FEvi1(t) = ve MU ZE Av;(t), Si(t) AT AR A1
171 26 S, 1A BEAR 22 v, (2), B

vi(t) = ve + Awy(t), 6)
Si(t) = Se + yi(t). @)
FH U, AT BAAS 21— AN 5GP 8 18] BE Ak 22 10 i 5
2
d?y;(t dy; (t
(Zith( ) + QCUJO ydt( ) +w02yi(t) =0. (8)

Horfwo 2 RGN E A HR, (R RGHERE, E
ﬂ] > R R A

wo? = gg ©)
1 aai 8(11'
CWO - _§<6’Ui e + 3Avi e>. (10)
A B S B S 2R AR A RN
A= —(wo £ Vwo?(¢? — 1), (1)

YN AN RGi ke e, LR IDM AL ¢
F wo 7 A2 IE Y, BT AR IDM S 2R AT 3 1 22 4 #R AN
2R HHOR. AR ¢ W HUE PT BA 23 i B e F ] BH
JeIRE.

DWIERC > 1,215 3] — X 5 SR, i B etk
A AERX RGN, BRI E, SR F a2
P —A~ B B i sl i AR, B IR 22120
(5]~ Aor B AT I I A PR, 2R3 ) R 2 B
AR B, BEPPATPIRAS.

) WIRO0 < ¢ < LNWFR—XILHUEMR, AR
PHJBIRAS. FEIX MG 0L T, BB 26 M & IF H & 7E
ST R BT DA — 8 SRR B, i T PR 2R AR R [ P f7
P B 2 W22 4 J JLIR B 00 B0 i #2. A AZ T8 i
WA FE SR, 40 (A B 2= 42 I3 J LIk 8 K AR /NI 7,
EAEEIR S AN

AR, BH S8 R B AE W 58 platoon 1) 2 75 P 68 77 T
EEBEEREM. B (2). (9 F(10) 7T LA 2| FH 2
FAC 5 EEIE wo R IE 5, B

N
, 20-(3))

— 12
Wo S() + ’UTO ) ( )

v\4
N
2 b S()+’UTO '

H = (12) F1(13) /T LA 2IEJE R % ¢ S a
I o 5 A A 1) ol £, 40 1 2 B o, oAt B 40K B2 S
Nb=2m/s?, S =3m, Ty = 1s,v9 = 30m/s.
2.4
2.0t
1.6¢
1.2}
0.8¢
0.4

(LT}
——oo
L OWn

IR

[EVEE gy

5 10 s 20 25
TP /(m/s)
E2 REvSHEHERBCHXER

MNP 2 HRT DL A B TR OR, K A
R —E WIS OL T, a K, CEI’J{Ei_j( f—'l( = 1N
15 7 BEL & AR A, I BT 7D 38 A I 7 B ;R S KT
v I 93 BHLRIRAS s # E /N T v, HT#JABEE%%S. &
RS T v I A I SRR, eI 2240 2 DL ) T8
BRSPS B A ).

3 SRR

7EIX B i i SUMO(simulation of urban mobility)
5 AR AE AT B . SUMO J2& — Fi i i 22 i 17
BT, HASORHIE L4 RO VR AR A0 B R Al L 3=
B IR BEAR AL DA R SRR R

FIF SUMO KA BT IDM FRZE R 1) 4250 3))
A1k, B, platoon H A5 10 4 45 7 28 3o i3 gk ik ik
it r o R AN ) R AR AR L. 24 S DA AR E T vy,
AT, Zeid — AR I R B vy, PRATF— BN [H] )5, 1
28 17— AN g R (8] B0 AR 8 18 vgy,. K F X AT
R ZEAEAT B A2 b 32 B PR 0. S
WIS o = 14K DL, BB 2 AT A1 Sk v, =
14.5, 060 ¢ = 1, o > 1450 2 R IRE, v <
14.5 W52 R FHEIRES.

casel:vgp, = 14m/s, (sop = 0.98;Upmin = 4m/s,
Cuin = 0.70. &35 17 38 P2 AT Py 74 1] i I ) ) 22
i 2k, W LAE OB AE P45 B A R 3, A
a2, I HBAE 5 B ZE 30 T B K BN v < v <
ve = 14.5, /T RBAJEARE, Br AR 22 408 JLIXk R
R A B BP ARG, FETE M AT R
BHER S — RN A,

case2:vsp, = 24m/s, (e = 1.37;Umin = 5m/s,
Cmin = 0.74. JEEF, vy < ve < vgp, 0T HIERIRE,
M 4T LU R A T EH 2 %A RS, 9F B
A 5 ) 4 0 T B



1722

ERYE

JE FE/(m/s)

il J5 25 2 [A] [A) §E/m

0 5.0 160 1 .50 260
t/s
(b) PAHSIE]EE

E3 XERKETHIEEFMERZL
30

JH JE/(m/s)

i JE 25 1) ] #E/m

0 50 100 150
(b) W:;‘/Ksi‘EUEE
El 4 chEPRZS TENEEFEEEL

case3: vgp = 25m/s, (s, = 1.41;vpin = 15m/s,
Cnin = 1.09. BB, v, < wpin < v, 0T BHJE R
A, W B S Frs, PR BA R 30, 1 b e] 217 5 H.
B R B, g A 2 5 R PR 2 20T 1 A R BAR /N,
A RAERENILAR.

MEL B3 BL AT DL HH, Ak T i B JE AR ZS I i
JEE R I) P it 2 AR A0 U AT, A TR BHLJB AR AS I
£ R V) 2 PR it 2 AR A A PR B AR

(K 3t FH JE R 25 1 platoon 1T 38 b 35 ~F- &, T R
BHJE AR 25 R [ platoon & “E £ L&, AF AA ST 18
TE /R BHJE 15 5 R AS [B] i B X platoon F2 € P 11 52
Wi, P& 6 25 T I B 439 9 0.5, 0.7 AT 1 platoon
1 1) T R ) AR AR il e (CF 30 R AR AR — I A
platoon N ¥ 10 % 75 (1) °F- 3 14 FE), 1o 5% A8 40 &6 /2 A

26

22

T JE/(m/s)

14

0 50 100 150
t/s

(a) HE

40

35

30

25

i J5 25 Z A1) ¥R /m

20

0 50 100 150
t/s
(b) PIHEBIAIFE

B 5 SRR TFHREMEEETL
15 m/s Yk 21 5 m/s, P I0E 2 15m/s. BT 78 8 B2 NI
B v B (R BH JEIRFS B A AR M, X B AT
X 43 (1) V- 350 B R AR (R B 2. R 6
AILAE H:a = 0.5 1 2 5 jak s FE f oK, 8 1 2t A
Kia = I 26 S8 olome P2 A0, e VA B f /N, FH U i)
DAL 21 2510 [l A I B 38 I e T AR, P
TR 1R 22 /N, platoon AR E . 1X 2 R TE R FHJB R
AR, I RO, ¢BUR, RRAEAE PR 25 1% Sl , R4t

NS RENON)

—_

|
—

T AL B2/ (m/s)
(=]

|
\S]

10 20 30 40
tls
A [EI/0ERE T platoon IR ELLIRE
L7 25 1 A R FE AR A 1 L, AN (R fInek FEE xof
H platoon K BT RZ M., 224 NI 8] 2] vg, B 7] DAAS
AR 25 10 SR BHJE RS T n s B )N, U Rk
K, platoon [ AE AR, B AFE E .

400

(e

&6

1
—00
[=EN1V]

—_— .
—_—a .
-_—a .

300

200

100

platoon [ & /m

0 " " " "
0 50 100 150 200
t/s

7  ANEINERE T platoon K E L



F9H &

# % £ MW ¥ platoon 893 A AL R 1723

4 & W

A AN T HEE BT ) platoon B A5 PEEAT
TWHI, &L 53 b7, platoon BN B4R & BH B iE 3 1)
R R, IF Il I SR B IE IR — L 53 AN, B T
J& A2 46 4% 72 H1 platoon K FE ) A1 FERE 7E T K BHLJE 1
DU IR S R MR DR &, O T b S8l
platoon 7 3K I AR 520, 75 2 v & 202 5UA,
e platoon (AR E 1, o 16 1 A2 38 B0 22 4.

SE 3 H#f (References)

[1]  Yousefi S, Altman E, El-Azouzi R. Study of connectivity
in vehicular ad hoc networks[C]. Int Symposium on
Modeling and Optimization in Mobile, Ad Hoc and
Wireless Networks and Workshops. IEEE, 2008: 1-6.

[2] Sadatpour V, Fathy M, Yousefi S, et al. Scheduling
algorithm for beacon safety message dissemination
in vehicular Ad-Hoc networks[J]. Communications in
Computer & Information Science, 2009, 56: 133-140.

[3] Bernardo M D, Salvi A, Santini S. Distributed consensus
strategy for platooning of vehicles in the presence of
time-varying heterogeneous communication delays[J].
IEEE Trans on Intelligent Transportation Systems, 2015,
16(1): 102-112.

[4] Rajamani R, Tan H S, Law B, et al. Demonstration

of integrated lateral and longitudinal control for the
operation of automated vehicles in platoons[J]. IEEE
Trans on Control Systems Technology, 2000, 8(4): 695-
708.

[5] Jiang Y, Li S, Shamo D E. A platoon-based traffic signal
timing algorithm for major-minor intersection types[J].
Transportation Research, Part B: Methodological, 2006,
40(7): 543-562.

[6] Treiber M, Hennecke A. Congested traffic states in
empirical observations and microscopic simulations[J].
Physical Review E, 2000, 62(2): 1805-1824.

[7]1 Fernandes P, Nunes U. Platooning with IVC-enabled

Strategies  to

communication delays, improve safety and traffic

autonomous  vehicles: mitigate
flow[J]. IEEE Trans on Intelligent Transportation
Systems, 2012, 13(1): 91-106.

[8] Fernandes P, Nunes U. Multiplatooning leaders
positioning and cooperative behavior algorithms of
communicant automated vehicles for high traffic
capacity[J]. IEEE Trans on Intelligent Transportation

Systems, 2015, 16(3): 1172-1187.

[9] Larson J, Liang K Y, Johansson K H. A
distributed framework for coordinated heavy-duty vehicle
platooning[J]. IEEE Trans on Intelligent Transportation
Systems, 2015, 16(1): 419-429.

(FTAEmit: £EH)

55 30 J [ 42 6] 5 R SR = (2018 CCDO) A STl Al

3530 Jm [ 45 i 5 3K 22 (2018CCDC) ¥ T
20184F6 H O H ~11 HAEEF ELBHZT. i H AR IR
SR E EH s S B R GRS RO B %
[ARSEEPA

55 30 Jpi Bl 1) 5 PR SR 2 1 SCEE R IR SC IR S
# 3t A IEEE Xplore Data Base, # EIf5 .

5530 Jei v B4R 1) 5 PSR 22 WO R BRI 5 N
J5 T, F BN 8 RS S R SR AR S IR A Sy
T

BEHSHE: HENERRERRAGSE LML,
P RGN P TAR T U [F45 ) 05 5 A B 2
A T KA IR A% ) R S BRSO VR R S R R
58— Ak I R G5 BB R G A i R o0 A
SR G W W 5 2 T ) B R Gt 5 SR TR AR
R RAHHRE SHAGT B R G AR B AR
TR S B R GRS s B4k, (LR % 5 Wi B B
HL - 7 55 R AR 5 AR A 38 B4 1 D 248 2 1) R G5 48 XK
2% ARV R g A il i R R i 2R PR U R S R
P ) AR R BR  45 4 2 A0 R BEHL R G, AR 45 4
3 i) 42 1) 5 0 L

HEhfk: CIMS H5#li& R4 L) @8 540 1, K

& S = KRS B Bk AR AR R B e B B L
AW B 9K B 34k 5 30, B T 48 1 R 4, 1 F RIS
PRSP, S | Bk

LA DA O ANL RS EHNEANS
AP N 25 L3 N5 A, B ahpLas N5 #3)
8 IR X 45 SR R 40 ML N 428 s L A A% RS s
Rl 48 BRRCS BPAMLER N 5 AHLAE B 7 (] 57K
LA LA A Al 2 LA N R4

FINMEARTE: (F SRS R e A RE
W RS R RN AR S H SR VLR RS Hal
5 R AT 18 A I AR ] R R A A AN ) AR &
5 E

Bk o3 AR A6, 23 W0 WO 1B 1E L, Rl L,
TR 24 RIS H .

SRR & T 2017 4510 H 31 H Al $2 52 42 5
S OCE AR # 7 B B2 ' YRR S0 B B R
http://www.ccde.neu.edu.cn | fif B A& 35 B FF 8 A6, [F I
5 1] 3@ i E-mail 7] K 2 B 45 (secretary_cedc @ise.neu.
edu.cn) & .

o % ] 5 R WAL



