a2 oW X @ B = 5 I # Vol.42 No.2
20264F 4 A JOURNAL OF TRANSPORT SCIENCE AND ENGINEERING Apr. 2026

DOI: 10.16544/j.cnki.cn43-1494/u.20230220002 XEHS:1674-599X(2026)02-0098-10
SIREE: Dl i, A8 SCHE, 5K AL . A B2 PR I PN B4 B BT R RIS [ ). SCai Bl 24 5 TR, 2026,42(2) : 98-107.

Citation: KUANG Aiwu, GU Wenxiong, ZHANG Sheng. Road impedance function during transition period of autonomous driving technology[J].
Journal of Transport Science and Engineering, 2026, 42(2): 98-107.

B 30 8 B AT i B A B 18 % BR H1 R B 3T

WER, XA, KA

(KT X% BFR,#dm Ky 410114)

 E:(BM YRk A 3h2 A5 T 38 B A B 09 AR 5 1 ) R R — ol T R [ 32 SR EE Y
TRAS 28 30 L T8 I BHL BT pR B8 [k 1 56 L 0 W7 1% 3 I BELTC pR AR A O e, e L A 7 e s SR U5 L 7E %5 SRR TR
FEN T B0 AR 25 57 T A B 28 0 i T g AR AR PE A JEAE L, ST IR R (3R A 5 3R A SR 45
SRHLEATRE R R BB ATRE 5 A S M B B R 0GR s B, M TR A 5 I T M BH T R AR
AU IEATE 2, I a7 AR R g 2ebE (S5 R 10 51 A28 3 A4l A s m B A T RE 11 52 2l A 3h
225 0 ZE AR 1) S B AT RE ) AR AR GE N TS B A A i 245 AL 5 2) TR B IR B B 1B A TRE 1 B A 3h
228 9 AR R A SN R OK, R R PREOC 2R 5 3) T B BELT R BRI A A A f B A TR ) B B B R A
Bl B A 5 AR AR LR [ G538 142 UG ) 228 B0 A IR & 28 3 L 3 45 ELT PR SO A8 T R0 R B B A 7
R[] (A AL A

SR ) RESCIE ; 3 B BHT PRI s SE7R RIAEAY VR & 50 Ui 5 42006 )

FPEIQ‘?%?:U@I XERFRARAD : A

Road impedance function during transition period of autonomous

driving technology
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Abstract: [Purposes] To solve the planning and design problem of road infrastructure in the future
autonomous driving environment, this paper proposed a road impedance function model for mixed
traffic flow applicable to the connected and autonomous driving environment. [Methods] First, the
pros and cons of the traditional road impedance function were analyzed, and improvements were made.
Second, the fundamental diagram model for mixed traffic flow in the connected and autonomous
driving environment was built on the basis of driving behavior differences of different types of vehicles
and the functional degradation of autonomous vehicles. The traffic capacity impact coefficient was
applied to describe the relationship between the traffic capacity and the penetration rate of autonomous
vehicles. Finally, the basic form of the mixed traffic flow impedance function was derived and verified
by simulation. [Findings] 1) The road traffic capacity can be improved by introducing autonomous

vehicles, and traffic flow capacity composed entirely of autonomous vehicles is more than twice that of
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traditional human-driven vehicles. 2) With an increase in the penetration rate of autonomous vehicles,

the traffic capacity of mixed traffic flow increases, and they have a quadratic function relationship.

3) The road impedance function can effectively describe the variation of road travel time with traffic

flow and penetration rate of autonomous vehicles. [ Conclusions ] The proposed mixed traffic flow road

impedance function model under the connected and autonomous driving environment can effectively

describe the variation of travel time on a road section.

Key words: intelligent transportation; road impedance function; fundamental diagram model; mixed

traffic flow; Internet of Vehicles
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Fig. 1 Vehicle distribution in mixed traffic flow

Hr8 2 CACC 5 ACC 45 il 22 G2 11 52 247 3 9 8 4
P, H T CACC BRIMBIR 5 ACC FR S AR R I 58 Al
T SHbRE o 3K R I TS0 42 B B R e A A
AU EVFE F o025 B S A ATk A 21 Tz v o
ACC FRIBATHY Sy «
i,(t) =k (h, (1) =1 =5, = t,0,(1)) + kA0, (1)
(4)
e, () F0, (0) 5390 R B2 50 n 76 ¢ B 200 9 0 B
B 5 Aw, (¢) R HIT IS P 276 o B 20 00 3 B 22 5k, (1) R
0 n A ¢ B 20 0 2 S TR 5 By ey 000k 4 T S 8 15
ZEVE T S8 N B R 25 4 I S8, BUE 43 51 0.23
H10.07 51 F1 s, 53 50 8 B R dpe/INEE A A5 2 [B] R, L
(B350 5 m F12 mye, R ACC AR B 47 4 A2 Sk i}
B HBUE M 1.1 s,
CACC FREAEI TR
v,(t+ At)=0,(t) + ke, () + ke (1)
e(t)=h,(t)=-1-s,-tv,(t)
HP A CACC RGE MR K 50, (0 + Ar) B4
Wintee + AcBF 2B EE se, (1) 0 42400 n 7E o B 20 /9
SIZ o A [ B 400 B A T B s ) 250 56, (2 ) AT
XiFBsF 1] ¢ B3R 53 5 &, R ke, 53 501 R CACCASE Y 7 (1] B 5
TR 251 S 800 B 1R B 158 2 S 45 1) S8, Ui
I3 0.45 F10.25 51, 9 CACC #5ERUI BA 2 42 47 Sk it
A, HUE R 0.6 5.
2) IDM A,
DM A5 5 GE A% 55 G b 1 0 228 el 5% S sf A 4R
HUCE B R R 50 GRS AT B AR PR B AR
N T 228 B 0 ) R B A Y | ELATE 2R

0,(1) =

Ji-[240)

(5)

2

v,(t)Av,(t)

2V ab
s.(1)

5 30+Urz(t)th+

(6)
2 2 a b 530 Dy 2 0 i T 3k JEE R 6T 3 ik 2

HUE A58 1 m/s*F12 m/s? 50, 4 H R, BUE R
33.3 m/s ;8 AN BEFE A, HUBE N 455,(¢) BT n 78
¢ o 220 04 43k AT BE 9 25 A2 5,y IDM RSN ] B 2 4
LT HUE N 1.5 s,
23 RAXRBREAEER
STIRUR I Ol UG e VA D ab ]
T FEA IR 205 Y BB 8 6 1F 57 50 3¢ 3 L L 2
R R I IR O AR | (] ) SR A8 I e K AT
AE T o Y 2CH ik B P AR, 5838 T P A R R
JEE 157 1 SV 5 25 TR B o, SIS A O m/s?, BT S 4 AH G
WEEZZ M0 m/s, LA 15 .
v,(t) =,
5,(1)=0 (7)
Av,(1)=0
B (DA IDM AR ACC AR I K CACC AR
Y, O] AP A AR N [R) E X O F E Sk B

T,,:#th‘l+yi (8)
=)
T(.h:z:a+ﬂ (9)
v,
T.=1t + Its, (10)

v,
WIS, P AR S T IR A A8 i 0 42 3 A A
[Fi) B P 7 A5 R .o DABRARIRAT 4238 S f91) , 153
FCAVBBEFE N p, W HDV (50 i F R 1-p. R
Fia: A 108 L 2 (100 S, TR A0 A 1) R T Sl T
ST X8 4 Sk e BE A £ 55, B

H, =T,
H(:h = Tuhye (11)
H.=T.v,
1
(12)

K p*H, +p(1-p)H, + (1 -p)H,
K H, H, H, 53 0 AR ERS0AR SR i~ A 25 4
SKTHIEE s K A% 438 Y 2C M %

gifhie EESEEZRAHELER, 0I5
SR A 2 L I AR IR A R X

&A% W 1k https: //jtkxygc. csust. edu. cn/jtkxyge/home 101



x @ A 5 = # %42 %
K= !
pto + L+ sg) + p(1=p) (e, +1+s) + (1= p) %+twe4*” (13)
1}9
1_( ”0)
Q= Ko,

P - A6 25 3 3 N 0.0 m/s B4 1S K % 33.3 mis,
1) S e N i N 5 B R a1 e 2 N B
F PATH 5256 % b5 52 19 CACC M Bih 455 780 Sy 28 1 A
A YIE AT CAV (p=1) I, Hof -2 i A
B S 2, s A A g, ik,
A AE CACC Z40AE A IR N AT 4R 24 L) B Hh
TR BEAT I, AR 2SI P A B R b e B R A i
2R AT RN RNS I R T (IR A 28 8 T B A P
AL WE 2 s .

5000 ¢

—p=0.0
4448 . p=0.2
N —--p=0.4
L it p=0.6
4000 £ ——p=08
1 -p=1.0
—~ ! -,
= 3000 [ ! i
g
=
e 2000
1000 SRy
0 1 I/ 1 1 I 1
0 30 60 90 120 150

B RE/ (i - km™)
2 RASGRAAAREEA
Fig. 2 Fundamental diagram model of mixed traffic flow

FH T2 FAT, Bl 508 4 5 TR G Al it i AT
RE I ZWIE K. MBERR 0.0, 2 N T2 552
8 A AT RE J1 o0 1 836 Hi/h, Xif 0 - 1 25 4% N
27.00 ##i/km; 249815 %K 1.0BF, 40 [ 302 3 <238 i
()38 17 BE J7 15 5] 4 448 /b, X R - 7 A5 % N
37.06 fi/km, 38 17 BE 7 o 2l N T2 52 5 i
24248 A BE R T 2 JFOR 09 1.37 4%
24 BAEXBERBEITEN

SBUDORIEAE g tab il N s TN & &3 N E )
2 I A 5 37 RN BT TR A A T I A T R
JIZ A, WA 3 s .

M 3 AT IR A 2l s TRE ) € 5B 5
FAERK . BIABAITRE I R 5y, HULRIE A 3h
2 AR R 5 AT EATRE S R TR . s T

5000
4500 r
4000 r
3500 }
3000 f

FREST/ (k")

AT
[\e)
wn
(=]
o

2 000 .

1500

0.0 0.1 02 03 04 05 06 07 08 09 1.0

3 RAZGRALBTRA
Fig. 3 Theoretical traffic capacity of mixed traffic flow
25 B ST VR A A E I AT RE S IC N G FRGIETR
BAGEEITRE ) C, AT RN N
Cp = Co')’p (14)
AR 47 RE T 52 W 2R B0 S, T4 2l 47 g
W RSB ER MR CER, MK 4R,
P4 R0 TBATRE I RS B B AR Z H B —JT
TR B AR %ML AE SHLADOVER 25 K
PATEL %> fFFE i 45 3 7 26 RIE. Pk, A
SCR 70 UK RREO B AT RE 1 5% I R B BE B 1B
B RIS , BARERIAAR «
Y, = AP+ Ap + A, (15)
A A AR RRE REL
T8 30T A PR AT A5 3] Y S T8 AT RE ) HEAT
A SRAF XA, AL 5000 1,836, -0.648 £l 1.075,
W 2 P R AN 0.966.
26

24 | L
20 |- y, = 1.836p> = 0.648p + 1.075 .

R? = 0.966 Pt
20 F Jr

18 F .
1.6 F e
14 F .

12 F o .-*
e e -Ts — : : ‘

0.0 0.2 0.4 0.6 0.8 1.0

EALES S

HWATHE
LY
o

B4 @TRAMREAKELERZI MM X R
Fig. 4 Relationship between traffic capacity impact

coefficient and penetration rate

102 A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



%248

MER,F: A5 AR E NG ERR R J TR

JUE AT RE IR RS BB R K R AT
>R FISLT7 PR AR BOR B IR UG (HL e R 8K
AE N, 5 B A BA , Bk R 0 52 1
UL PE R A R A7 AP S — e AL, SR
HA ORI R B T 5

3 RAIE RS PR R H A

3.1 REXIER A R AR
V410 SC B A5 2 A8 AT BB 1 AR AT Y B

PRI AL 75 2 K [ 225 30 A5 T IR A 38 It

P BEBHAT R AR, BRI R

1+ a'{ Q. T

(A,p* + A,p + A,)NC,

S N A B ) G

AT DU ), 200 50 B8 B A i R A7 A ) B f
BB RS AR A, JF T RO [ 32 3 A2 4%
5 RN BEA T AR B] R 5
3.2 HREVIGIE

T A BB ARV EAR R e 45 A
B 25 I 5 (1 Y A 3 U S K 56 A v o A AR
AP T R 5 T T S AL EOU A 30 47 B4 ARl 3 X 42
U5 B R AL T RE S B T M f W AC s
TR . BRI AR SCR ATFE AL B AR A
S, THEA X SHOT R AL A Rk

15 B I T Python i 75 5 SUMO 1 B 4K F 52 K,
3R B B kg B i) AU, 4K 2 keme ARHE F Bh2 50
HB B R AL I RO A 22 3 45 5 N T
200 A ()7 FLOR FH 2 GRS R BEAR RIA
BIMES T H S BURFE—3 . 5B LLS min y[H]fF R
eV U B RO BT 4 200 s,
HHiT 600 s AT RGN, J5 3 600 s 4TS 5317 5
PFE AR R 0.1 ;B EFRR AN 0.0~ 1.0, L1 0.1 1]
PR AR, BB R N ST BT 101K,
33 RS

1) BEAC IR,

3 A BT B AR [R] 2 37 3R T A i -
B EanE 5 s . i B S AT Bl G B 05 R T
% B SORAT U A AL K, kR W ) 2 3 A A
NN R iy = BN SR AR L 31§ S )

FEAR BRI A S 0 545 R WK 6 .

T=T, (16)

Bs5 R@AF-FEKEE

Fig. 5 Scatter plot of traffic flow-density

P 6 B T, 5 B4 B GO 1 43 A 5 74 Ak e 3 ) i
AR PSR (B 2R ) JEAR — 30, 3X SR I AR ST
FE 114) LA T A5 TR B 0 A - b A 3R VBB 1 50 25 s 3R
BT MR G A E AR

2) BGEATRE ST

5 EAS 2 1 [ BEm AT RE ) 5 AN R A B i
fEXF e g R an &l 7 s o 7 aTAT, 24803 R AL
F 0.3 5, [ 325 3 55 1) i A K E AT RE 1
PEFHROR I A 355 BB B 35 SRt i, 6 BOE
TTRE I B IR s 4B B A 3 1O, {7 H % Bl
TFRE ST AT 35 7 400 Wi/h L I, 38 38 %N 0.0 I Y
21145 MEATRE J) 52 M R AR R (5
HA R SEREEAY G P40 A 5 iR 2/
F 5%, 3% 3 B SR 1T 58 7 52 W R BURE A% B by
R TR A 2 A TR S hEE 3 R n AR e fa

[ ) 47 L 45 SR 13 1T BE T 5% ) 2R R b
FHATEE BRI & 8 R, UG R
0535 1.395 . -0.407 £l 1.046, I 72 22500 0.985,
PLERCER R AT

3) BEBATRENTE]

% B AT R AoF () 2 P 40k T B 2 3 AE A TR O
(W EEIGHR > R AR R 5B ERA T
% BT AT R [R] (9 AR AR 8 I BT ST R
[B]5 [ AT R R F (B ORI 45 55, 034
TEAT RS R WME 9 i~ .t B 9l Hl, e i A
TREEATRE T T, B BT 3T R [a] B O K22
15 10 5 B BT R R, B B B A T i
BB AT U G 20N AT RS R) U] S R i i
A H N E MG &R RS T M B

&A% W 1k https: //jtkxygc. csust. edu. cn/jtkxyge/home 103



x @ # ¥ 5 1 B %42 %
7000 9000 AP 130
6000 [ == i HAE T g =
2 s00b  —e—HEA USRI T AE Sy R M 2125
=~ 5000 f -0 FURHI AT RE 1 5 A R A
=
£4000 |
5@3000 - f@\h
= - £ *
2 000 / ~_
1 000 7 e
O L 1 L L L ‘L J
0 50 100 150 200 250 300

B (R - km™)
(a) p=0.0

)

0 50 100 150 200 250 300
B E G - km™)
(b) p=0.1
7000 ¢
6000 |
~5000 F
< 4000 F fmaas
£ PN
= 3000 | w%
;[E’H [ . %
2000 F o
:a “‘h\
1000 [y 5
’ ~
0 L L 1 L L )
0 50 100 150 200 250 300

2B/ (- km™)

(e) p=0.5
7000 ¢
6000 F
~5000 F ’30a
Zs00 | 4 LS
= i “%a
<3000 %
ﬂ%{j 15 %}9@
2000 ¢ 2,
I Y
1000 M
0 ' 1 L L L 1 L |
0 50 100 150 200 250 300
/i km™")
(d) p=0.7
6 AARBRMBAELALR

Fig. 6 Theoretical values and simulation results of

fundamental diagram model

PIAT AR A BT, I RS A 3h2s Bl 4= 4
A S0 L BUAT R 8], 2 gk S am 4113

104

0.0 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0
BiER
B 7 REaBATRe ATk

Fig. 7 Comparison of road traffic capacity

24

2.2 |
%g = 1.395p% - 0.407p + 1.046 .~
: - Vo= L p- — L. p + L. Wi
= .
- R =0.985 5
MR
o 16 |
€14 |

[
: B B
B T I I I
0 0.2 0.4 0.6 0.8 1.0
lg 8 Iﬁ'ﬁ‘ﬁa Tg‘ju@ %&}ih}\é\

Fig. 8 Fitting of traffic capacity impact coefficients

&9

P e By LEER

Fig. 9 Simulation results of congestion indexes

TR R, R /b 3k 1T S 50U
G 49 2R A 338 I I B BT pR BB A Y B
S WR

T =

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



%24 &K, F AR A E A A 698 5 3R AT R
7)1 +0.99 x Q. FTRENI BTG R 5 2B BAN 1.0, 4l [ 3 2 Bl 5g
' ' {(1.395# - 0.407p + 1.046) x 200} 3 AL P8 AT RE 3 B AN T2 Bk S I AN R T 2 A%
(7 B

K7, CBUE J 1 758.44 5i/h, T, BUIE N
60 s,

R 5B R AT B B 48 4L
(1475 Ak R B FLAUL A il T a1 10 T o B L 10 AT
S TS TR R 6% A T b A AR 5 LI B 1) S 244 7 AR
[ AR AL ARAE o 24 % B AL Tl SR AR ZS i, A
AT E B B AT AR R 29 A R AT RS
245 FESE BRI AT A I i U Y T e

El10 M amszoR A
Fig. 10 Fitting effect of congestion indexes

4 ZHig

AR S 3 o3 B I L 2l Bl PR R A [R] 2 R
BT BRI R TORIRNB E R T IR G Al
THEAR IR s BFE 1 IR Sl i B AT RE T B i
AR s IS L 58 BPR pR UL f) Sl
b R T T R A 3 BRI AR S S i
S BERHATT RIS . 59800

1) ARS8 T A [ BRI Ko [ 272 B 4
D REIR f xR & 23l S A B S, 7 BLAE SRR
W, 2R ST HHE- S B 1R A5 530 I R AR PR TR 5 )y L 45
RIEARWE Yk 125 BRE PR A 5 A [ 1 A
TRV IERRTE S A R

2) A3 B AR5 A AT AT AL T e AT
R B33 RALT 0.3 B, Ho X 18 38 17 78 1 10
TR I A W3 5 B B 3 R AN &, % Bl

3) 1B A2 38 it i Bl 4T HE ) B2 3 2 A8 Ak
I FUAEE AR SCR F I AT RE 1 5% e R A A
X AR AR, R 598 0 R R — T IR R
KZ L IFEE T AN A ILG Rak = 43 il 6 A 5]
BRI AE 5 07 B4 R FAT LG, —H vuE 2407
53K51 0.966 F10.985 , AR K4

4) A SC 2 38 B PHBT pR BRE % A 80 i B
AT R R S A L F B0 R R I R X E] Y
KR 5155 BPR eREBIRIAR L, AR SOk I 2
HOTE S I AT A 3 R AT O 2 U S Y T R

2 % 3Lk (References) :

[1] LAM S, TAGHIA J, KATUPITIYA J. Evaluation of a
transportation system employing autonomous vehicles
[J]. Journal of Advanced Transportation, 2016, 50(8):
2266-2287. DOI: 10.1002/atr.1458.

(2] BRaERDT, XUPR, 5 20 420 0 PR 8 TT 25 JE AU 1 [R) B 1)

PRI AR [T]. KRV TR (A RB =/ ,
2021, 18 (3) 62-68. DOI: 10.19951/j. cnki.
cslgdxxbzkb.2021.03.008.
ZHANG Zhiyong, LIU Zhen, JIANG Li. A car-
following model considering lateral gap in vehicle
networking environment [J]. Journal of Changsha
University of Science & Technology (Natural Science) ,
2021, 18 (3) 62-68. DOI: 10.19951/j. cnki.
cslgdxxbzkb.2021.03.008.

(3] #pul, AR, okid, 55 3 REPUBRAC £ A K R B

L [T] 1A 7 S5 e, 2018, 9(2) : 119-
130. DOI: 10.3969/j.issn.1674-8484.2018.02.001.
RAN Bin, TAN Huachun, ZHANG Jian, et al.
Development status and trend of connected automated
vehicle highway system [J]. Journal of Automotive
Safety and Engergy,2018,9(2):119-130. DOI: 10.3969/
j.issn.1674-8484.2018.02.001.

(4] F&BHTE, W%, phakit, 55 B RERIIR PRI N S s
T AR 1 S g A B (). B 5808 R e A,
2020, 44 (1) : 27-33. DOI: 10.11860/j. issn. 1673-0291.
20190045.
JIANG Yangsheng, HU Rong, YAO Zhihong, et al.
Stability and safety analysis for heterogeneous traffic
flow composed of intelligent and connected vehicles[J].
Journal of Beijing Jiaotong University, 2020, 44 (1) :
27-33. DOI: 10.11860/j.issn.1673-0291.20190045.

[5] ARVIN R, KHATTAK A J, KAMRANI M, et al

Safety evaluation of connected and automated vehicles

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home 105



xo@ A 5 o & Fa2%
in mixed traffic with conventional vehicles at [13] 2=, AR, BRER. 5L APLIR 2 (938 I 288
intersections [J]. Journal of Intelligent Transportation m AT R R (T). Bl RS TR, 2019, 19
Systems,2021,25(2):170-187.DO1:10.1080/15472450. (24): 379-385.
2020.1834392. LI Shuqing, SHI Luyuan, MAO Hongli. The traffic

(6] Brid, Bhmim, &, 4. 18 8% H Pt R Eof 5t 28 8 equilibrium flow distribution model of hybrid vehicle[ J].

[J]. iz atss ,2020,6(2) : 30-39. DOI: 10.16503/ Science Technology and Engineering, 2019, 19 (24) .
j.cnki.2095-9931.2020.02.004. 379-385.
CHEN Xu, LU Lili, CAO Zuping, et al. Review of [14] Weakit, MER, MM, 5. FEAEWNREE
studies on road impedance functions [J]. Transport 0 A B BB R A [T ). A2l s e TR S R B AR
Research, 2020,6(2) :30-39.DOI: 10.16503/j.cnki.2095- 2021, 19 (4) : 1-12. DOI: 10.19961/j. cnki. 1672-4747.
9931.2020.02.004. 2021.07.024.

[7] ZE™™, E5, k. CACC 4§ R Bth A K IR A 22 8 YAO Zhihong, HAO Huijun, WU Xuemei, et al. Cost
WM. Ziliai A% TRSEE, 2018, 18(2): function of mixed traffic flow with autonomous driving
60-65. DOI: 10.16097/j.cnki.1009-6744.2018.02.010. [J]. Journal of Transportation Engineering and
QIN Yanyan, WANG Hao, RAN Bin. Car-following Information, 2021, 19(4): 1-12. DOI: 10.19961/j.cnki.
modeling for CACC vehicles and mixed traffic flow 1672-4747.2021.07.024.
analysis [J]. Journal of Transportation Systems [15] YOSEF S. Urban transportation networks: equilibrium
Engineering and Information Technology, 2018, 18 analysis with mathematical programming methods [M].
(2): 60-65. DOI: 10.16097/j.cnki.1009-6744.2018.02. Cambridge: Massachusetts Institute of Technology,
010. 1985.

[8] &, UM, 7=, & IRA P4 BAAY o A I E [16] EHRK, TR, mAl, 55 . BPR B & & St A5
TTRE T M [T). AEma B TR 222 W ( AR BLFARD (1] BB TR 2224 i (@ R4 5 TR R , 2009,
2020, 48(4) : 142-148.DOI: 10.12141/j.issn. 1000-565X. 33 (3) : 446-449. DOI: 10.3963/j. issn. 1006-2823.
190371. 2009.03.011.

CHANG Xin, LI Haijian, RONG Jian, et al. Analysis WANG Suxin, WANG Leizhen, GAO Li, et al.
of capacity for mixed traffic flow with connected vehicle Improvement study on BPR link performance function
platoon on freeway [J]. Journal of South China [J]. Journal of Wuhan University of Technology
University of Technology (Natural Science Edition) , (Transportation Science & Engineering), 2009, 33(3):
2020,48(4) : 142-148.DOI: 10.12141/j.issn. 1000-565X. 446-449. DOI: 10.3963/.issn.1006-2823.2009.03.011.

190371. (17] ekt Ak, TR . iy 327 B B AT AR I i)

[9] CHEN Z B, HE F, YIN Y F, et al. Optimal design of 1A BPRGIERS AL [T]. P 3¢ 18 K 2E 2440, 2010,
autonomous vehicle zones in transportation networks[J]. 45(1):124-129. DOI:10.3969/j.issn.0258-2724.2010.01.
Transportation Research (Part B: Methodological) , 021.

2017, 99: 44-61. DOI: 10.1016/j.trb.2016.12.021. JIANG Guiyan, LI Jiwei, ZHANG Chungin. Modified

[10] XIAO L, WANG M, VAN AREM B. Traffic flow BPR functions for travel time estimation of urban
impacts of converting an HOV lane into a dedicated arterial road segment[J]. Journal of Southwest Jiaotong
CACC lane on a freeway corridor [ J]. IEEE Intelligent University, 2010, 45 (1) : 124-129. DOI: 10.3969/}.
Transportation Systems Magazine, 2020, 12 (1) : 60-73. issn.0258-2724.2010.01.021.

DOI: 10.1109/MITS.2019.2953477. (18] #™)™, &, T4, % . IR CACC L4l Ml ACC %4

[11] MADADI B, VANNES R, SNELDER M, et al. 99 ) S DS T AR PR RS [T ], b N B A
Assessing the travel impacts of subnetworks for 2017, 30(10) : 127-136. DOI: 10.19721/j. cnki. 1001-
automated driving: an exploratory study [J]. Case 7372.2017.10.016.

Studies on Transport Policy, 2019, 7(1) : 48-56. DOI: QIN Yanyan, WANG Hao, WANG Wei, et al
10.1016/j.cstp.2018.11.006. Fundamental diagram model of heterogeneous traffic

[12] NGODUY D, HOANG N H, VU H L, et al. Multiclass flow mixed with cooperative adaptive cruise control
dynamic system optimum solution for mixed traffic of vehicles and adaptive cruise control vehicles [J]. China
human-driven and automated vehicles considering Journal of Highway and Transport, 2017, 30(10): 127-
physical queues [J]. Transportation Research (Part B: 136. DOI: 10.19721/j.cnki.1001-7372.2017.10.016.
Methodological) , 2021, 145: 56-79. DOI: 10.1016/j. [19] YAOZH, XUTR, JIANG Y S, et al. Linear stability
trb.2020.12.008. analysis of heterogeneous traffic flow considering

106 A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



7 MER,F: A5 AR E NG ERR R J TR

[20]

[21]

[22]

[23]

degradations of connected automated vehicles and
reaction time [J]. Physica A: Statistical Mechanics and
its Applications, 2021, 561: 125218. DOI: 10.1016/j.
physa.2020.125218.

MILANES V, SHLADOVER S E. Modeling
cooperative and autonomous adaptive cruise control
data [J].

Emerging

dynamic responses using experimental
(Part C:
Technologies) , 2014, 48: 285-300. DOI: 10.1016/j.
trc.2014.09.001.

MILANES V, SHLADOVER S E, SPRING J, et al.
Cooperative adaptive cruise control in real traffic
[J].
Transportation Systems, 2014, 15 (1) : 296-305. DOI:
10.1109/TITS.2013.2278494.

TREIBER M, HENNECKE A, HELBING D.

Congested traffic states in empirical observations and

Transportation ~ Research

situations IEEE Transactions on Intelligent

microscopic simulations [1]. Physical Review E:
Statistical Physics, Fluids, and Related
Interdisciplinary Topics, 2000, 62 (2) : 1805-1824.
DOI: 10.1103/physreve.62.1805.

SHLADOVER S E, SU D Y, LU X Y. Impacts of

Plasmas,

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home

[24]

[25]

cooperative adaptive cruise control on freeway traffic
flow[J]. Transportation Research Record: Journal of the
Transportation Research Board, 2012, 2324(1): 63-70.
DOI: 10.3141/2324-08.

PATEL R, LEVIN M W, BOYLES S D. Effects of
autonomous vehicle behavior on arterial and freeway
networks [J]. Transportation Research Record: Journal
of the Transportation Research Board, 2016, 2561(1) :
9-17. DOI: 10.3141/2561-02.

SRy, SRR, AT, SRS SR 0380 AS 4
HORASWER S AT ]. @A 5 TR, 2022, 38
(3): 113-120. DOI: 10.16544/j.cnki.cn43-1494/u.2022.
03.009.

ZHANG Keke, HAN Chunyang, ZHOU lJing, et al.
Towards smart management and control: a novel
approach to identify traffic congestion states in urban
areas|J]. Journal of Transport Science and Engineering,
2022, 38(3) : 113-120. DOI: 10.16544/j. cnki. cn43-
1494/u.2022.03.009.

(ZEmE: R A AB)

107



