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1 Ú ó

g 1935 c Greenshields 1�gïÄ�Ï6n
Ø±5 [1], T+��ïÄÅìuÐ�ü���, =
÷*�Ï6�. [2−7] Ú�*�Ï6�. [8−20]. ;
.�*�Ï6�.�)�`�Ý�. (OVM)[8−16]

Ú��gÄÅ�. (CA)[17] �. 1961 c, Newell J
Ñ
�*�`�Ý�., ò�Ï6À��p�^
�âf+, zý�3±�må�¼ê��`�Ý
�.e1¨ [8], �� 1995 c, Bando ÏL Taylor Ð
mª, ��
�`�Ý�.��©�§ [9,10]. �
�, Nagatani �<ò�©/ª=z��©�§, �
�
�`�Ý�.��©/ª [11]. Helbing �<�
é OVM �.¥\~�Øn���¹, JÑ
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�., Ú\�é�Ý�, U�Ð�£ã�ý�¶1
� [12]. ISÆöñb?�Ú*Ð
 GFM �., J
Ñ
 FVDM �., �Ä
�¶�ýmK�Ý�C
z, ¦��.U�Ð��x�ý�ò´Ú�ÏP×
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��ÝÅCz¯K [16]. Xw�ïÄ
�Ä�Aò
´Xê� OVM �.�ÝÅüz¯K, �Ñ
�A
�m�ü$Ur?�Ï6�­½5 [17]. �ù_�
<Äu Konishi �<�ïÄó�, JÑ
�9c�
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\ OVM �., JÑ
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�Ï6�A5, ��
O���­Ç�»Ú��?
��ÞXê, ¿¦þ~���lÝ, �±~���
?��Ï¯�, ;�P×�(Ø [20].
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Jiang �<JÑ
��Ý��`�.� [13],

ẍn(t) = a[V (∆xn(t)) − ẋn(t)] + λ · ∆ẋn(t), (1)

Ù¥, a �f¨
(¯ÝXê. xn(t) L«1 n ý�
3�� t ¤3� �; ∆xn(t) = xn+1(t) − xn(t) �
c�� n + 1 ��¶� n ��Ý��, ẋn+1(t) =
vn+1(t), ẋn(t) = vn(t), λ � � � ¼ ê, � d e
ªû½:

λ =

 b, ∆xn(t) 6 ∆xmin,

0, ∆xn(t) > ∆xmin.
(2)

duT�.nÜ�Ä
c��ým��Þm
åÚ=��é���K�, �ÎÜ¢S, �¤�
U Bando ��¶�.����;.�Ä:�.�
�, �©�´3d�.Ä:þ, &?
����Ý
��`�.�ï��­½5¯K.

2.2 ������ FVDM ���...

©z [20] ïÄ(J�Ñ, û½��é�Ï6
K��'�ëê���lÝ θ(0 6 θ 6 2π), �
��» γ Ú´¡�ÞXê µ, ;.�´��Xe
ã 1¤«.

θ

r

s

ã 1 ;.��´ã«¿ã

3 2.1 ! FVDM �.�§Ä:þ, Ú\f¨

�Aò´�m τ Ú�±$Ä��'�§, JÑ�ò
´�m����´�¶�.9�`�Ý�.X (3)
ªÚ (3a) ª¤«:

θ̈n(t + τ) =
a

γ
×

[
V (γ × ∆θ̇n(t)) − γ × θ̇n(t)

]
+λ × ∆θ̇n(t). (3)

ª¥�ÎÒ¹ÂXe:

V (γ × ∆θn(t)) =
γωmax

2
× (tanh(γ × ∆θn(t) − γ

× θmin) + tanh(γ × θmin)), (3a)

θn(t) =
xn(t)

γ
, (3b)

ωmax =
Vmax

γ
, (3c)

θmin =
hc

γ
, (3d)

∆θmin =
∆xmin

γ
, (3e)

θ̇n(t) =
1
γ
× ẋn(t) =

1
γ
× vn(t), (3f)

θ̇n+1(t) =
1
γ
× ẋn+1(t)

=
1
γ
× vn+1(t), (3g)

∆(θ̇n(t)) =θ̇n+1(t) − θ̇n(t), (3h)

λ =


b

r
, ∆θn(t) 6 ∆θmin,

0, ∆θn(t) > ∆θmin.
(3i)

�â��?�%åO�úª [20]

m
V 2

max

γ
= µmg. (4)

�ý1¨����Ý�:

Vmax =
√

µgγ. (5)

Ù����Ý�

ωmax =
√

µg/γ. (6)

¢ S ¥, l f ¨ S � � Ý � Ä, � p � Ý
� � � � u n Ø � Ý 4 �, � Ú \ � p � Ý X
ê κ(0 < κ 6 1), ��?��`�Ý

V (γ∆θn(t)) = κ ×
√

µgγ

2
×

(
tanh(γ

×∆θn(t) − γ × θmin)

+ tanh(γ × θmin)
)
. (7)

3 �.­½5©Û

Äk�Ñ���¹e�Ï6XÚG��§X
eª:

ω̇n(t + τ) =
a

γ
×

[
V (γ × ∆θn(t))

−γ × ωn(t)
]

+ λ × (∆ωn(t)), (8)

∆θ̇n(t + τ) = ωn+1(t) − ωn(t), (9)

Ù¥, ωn(t) L«è�¥1 n ý�3�� t ���
Ý, �O�úªXe:

ωn(t) = θ̇n(t), (9a)

ωn+1(t) = θ̇n+1(t). (9b)
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��Ä�f¨
3�Aò´�m τ S�ý�
Ý¿�UC, Ïd,

ωn(t) = ωn(t + τ). (9c)

� â � 5 X Ú n Ø, � X Ú � ­ ½ G � X
e¤«:

[ω∗(t), ∆θ∗(t)]T =
[
ω0,

V −1(rω0)
γ

]T

. (10)

� � (8), (9) ª � G � � m � § L � ª X
e¤«:

dω̄n(t + τ)
dt

d[∆θ̄n(t + τ)]
dt

 =

−a − λ
a

γ
Φ

−1 0

 ×

 ω̄n(t)

∆θ̄n(t)



+

 λ

1

 × ω̄n+1(t), (11)

ω̄n(t) =
[
1 0

]
×

 ω̄n(t)

∆θ̄n(t)

 , (12)

Ù¥

ω̄n(t + τ) = ω̄n(t) = ωn(t) − ω0, (12a)

ω̄n+1(t + τ) = ω̄n+1(t) = ωn+1(t) − ω0, (12b)

∆(ω̄n(t + τ)) = ω̄n+1(t) − ω̄n(t), (12c)

∆(θ̄n(t)) = ∆θn(t) − V −1(rω0), (12d)

∆(θ̄n(t + τ)) = ∆θn(t + τ) − V −1(rω0), (12e)

Φ =
dV (γ∆θn(t))

d(∆θn(t))

∣∣∣
∆θn(t)=

V −1(rω0)
γ

.

(12f)

²d Laplace C�, XÚ�ª��mL�ª�

Wn(s) = G11(s) × ∆Θn(s)

+G12(s) × Wn+1(s), (13)

∆Θn(s) =
1

sesτ
× [Wn+1(s) − Wn(s)]. (14)

�f L(·) L« Laplace C�, (13), (14) ª¥�
ÎÒ¹ÂXe:

Wn(s) = L(ω̄n(t)), (14a)

Wn+1(s) = L(ω̄n+1(t)), (14b)

∆Θn(s) = L(∆(θ̄n(t))), (14c)

G11(s) =

a

γ
Φ

s esτ + a + λ
, (14d)

G12(s) =
λ

s esτ + a + λ
. (14e)

ò (14) ª�\ (13) ª, �� ∆Θn(s) �, ��
1 (n + 1)th �Ú1 nth ���Ý�{�Xe/ª:

Wn(s) = G(s) × Wn+1(s), (15)

Ù¥, D4¼ê G(s) deª(½:

G(s) =
aΦ + s esτλγ

rs2 e2sτ + γ(a + λ)s esτ + aΦ

≈ aΦ + λγs

γs2 + γ(a + λ)s + aΦ
. (16)

G(s) �A��§�

D(s) = γs2 + γ(a + λ)s + aΦ. (17)

�â��nØ¥XÚ­½5�â: eXÚ­
½, KXÚD4�§�A��§¥��Xêþ��,
Kk

r > 0,

r(a + λ) > 0,

aΦ > 0. (18)

w,, Φ > 0, a > 0, λ > 0, γ > 0. 2ö, eXÚ
­½, I÷v ||G(s)||∞ 6 1, ²$� (�N¹ A), �
�XÚ�­½5^�

Φ 6 γ ×
(
λ +

a

2

)
. (19)

�d, ���Ï6�¶�.�­½5©Û(å,
lúª¥�±wÑ, �'u���Ï6, ­½^�
¥õ
���»� γ.

4 ê��[

4.1 ­­­½½½«««���©©©ÛÛÛ

�â (19) ª, ±� £�gCþ, ±(¯Ý
Xê a �ÏCþ, ���Xã 2 ¤«��Ï6­
½«m.
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ã 2 ¥, ´¡�ÞXê µ = 0.5, S��Þ
må� Hc = 1.2 m, �ýoê� N = 100, �
´o�Ý� L = 200 m, �´lÝ θ ��©O
� 1,2,3,4,5,6 rad; �����Ý?�� k = 0.14.
éA��lÝ θ ��´, ­�e��Ï6�Ø­½
«� (unstable); ­�þ��Ï6­½«� (stable).
�±wÑ, �X�´lÝ��O�, Ø­½«�Å
ìO�, ÷v�Ï6­½^��f¨
(¯ÝXê
Åì~�. θ = 3 rad (�� 172′′) �, a0 �� 1.55,
f¨
(¯Ý�.���: � a > a0 �, �Ï6­
½; � a < a0 �, �Ï6Ø­½, e¡�ê��[�
`²
ù�y�.
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ý (1 50 ý�) 3 800—2000 s �\�ÝCz­�

4.2 ���[[[©©©ÛÛÛ

��´�Ý L = 200 m!�ýê N = 100 ý,

­��6�Ý ρ =
L

N
= 2 m, �´lÝ θ = 3 rad,

­å\�Ý g = 10 N·s−2, �´�ÞXê µ = 0.5,

�´�» γ =
L

θ
= (200/3) m, �Ý�� b = 0.5,

∆θmin =
6
γ

, ωmax =
2.74
γ

, S � � Þ m å l

Ý θmin =
1.2
γ

, f¨
ò´�m τ = 0.1 s, ��

�´�ÝXê κ = 0.15. ±lÝL«��6Ð
© (­½) �6�Ý ρ′ =

θ

N
= 0.03 rad. �ý�

ýÐ© �96Ä^���Xe: xn(0) = ρ′ × n,

n 6= N

2
, n 6= N

2
+1; xn(0) = ρ′×n+

ρ′

3
, e n =

N

2
;

xn(0) = ρ′ × n − ρ′

3
, e n =

N

2
+ 1.
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4.2.1 Ø­½�Ï6
�â­½5^��©Û9ã 2 �­½5(J

ãL, � θ = 3, a = 1.5, ?1�ý, ��Xã 3(a)—
(c) ¥¤k�ý��ÝÅÄ­�!;.�ý (1 50
ý�) ��ÝÚ\�ÝCz­�. lã 3(a)—(c) ¥
�±wÑ, 3�ý��Ý!\�Ý�ëêþ¥y�
�A5, =l��4�Cz�,��4��G�,
�=¢S�ÏL§¥��ýrÊy�, Ñy
�Ï
P@, ��c¡©Û����Ï6Ø­½G�^�
�ÎÜ.

4.2.2 ­½�Ï6
� � ´ l Ý θ = 3 rad, f ¨ 
 ( ¯ Ý X

ê a = 3.5, Ù¦ëê�cÓ, ?1�ý, Xã 4(a)—
(c) ¤«�¤k�ý�Ý­�!;.�ý (1 50 ý
�) ��ÝÚ\�ÝCz­�. lã 4(a)—(c) �±
wÑ, �Ï6�Ý­��Ì¥yÑÅìP~�ª
³, \�Ý�Ì�¥yÑÅìP~�ª³, oNþ
�Ï6Åìªu­½G�, ��c¡­½5�©Û
�ÎÜ.

5 ( Ø

���´´y¢)¹¥ÊH�3��«y�,
ÏdïÄÙ�Ï6�­½5äkér�¢�¿Â.
ÏLþãïÄ, ��(ØXe: ���´�¹e, �
Ï6­½�^�� Φ 6 γ ×

(
λ +

a

2

)
; ��^�e

��Ï6�¶�.��´�»!­Ç!�ÞXê
�ëêþ�', 3�±�Ï6Ð©�ÝØC��¹
e, �X�´lÝ�O�, K��Ï6­½5�f
¨
(¯ÝXêÅì~�, �Ï6�­½5^�'

���¹e�\î�. þã(Øé3�´��?æ
�Ün�+n��k­�ë�d�.

N¹ A �.­½5í�

�âXÚ�­½5^�

||G(s)||∞ 6 1, (A1)

- s = jω, ��

||G(s)||∞ = sup
ω∈[0,+∞]

|G(jω)|

= sup
ω∈[0,+∞]

√
(aΦ)2 + (λγω)2

(aΦ − γω2)2 + (γω(a + λ))2

6 1, (A2)

��

(aΦ)2 + (λγω)2

(aΦ − γω2)2 + (γω(a + λ))2
6 1, (A3)

=

(aΦ)2 + (λγω)2 6 (aΦ − γω2)2

+ (γω(a + λ))2. (A4)

�n�,

[γω2 + γa2 + 2aλγ − 2aΦ]γω2 > 0. (A5)

dd, ��XÚ­½�¿©
Ø7�^�Xe:

γ > 0,

γa2 + 2aλγ − 2aΦ > 0, (A6)

=

Φ 6 γ ×
(
λ +

a

2

)
. (A7)
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Curved road traffic flow car-following model and
stability analysis∗
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Abstract
To find the characteristics of curved road traffic flow, we propose a new car-following model based on the typical full velocity

difference model, and analyze the model stability condition with system state space method and control system stability criteria. With
numerical simulation, the stability and feasibility of the model are proved. Under the condition of same initialization traffic flow density,
with the increase of road curve, traffic flow stability decreases. Our study is greatly helpful for traffic control and management at road
curve site.

Keywords: traffic flow model, car-following model, curve road, stability analysis
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