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Single-variable Traffic Noise Prediction with Consideration of
Traffic States in Urban Road Networks
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( 1. School of Civil and Transportation, Hebei University of Technology, Tianjin 300401, China;
2. Faculty of Civil and Transportation Engineering, Guangdong University of Technology,
Guangzhou 510006, China)

Abstract : To realize the prediction of traffic noise in road networks and overcome the independence of traffic
characteristics and the independence between flow and speed in traditional prediction models, a single-variable traffic noise
prediction model based on the speed is presented. This model is established in virtue of Van Aerde traffic flow model, under
the constraints of road grades and design speed and based on road line-source noise emission model. Comparing with the
measured values of 4 types of urban roads, the average deviation of traffic noise predicted by the model is 1.63 dB, which
meets the accuracy requirements. The traffic noise of a typical road network is simulated with the model. The results show
that when the design speed is continuously increased from 40 km/h to 80 km/h, road network traffic noise variation quantity
generated by sections at different locations increases in the order of the inner road, the partially outer side road, and the
outside road. And the change value of traffic noise in the inner area of the road network is significantly greater than that in
the outer area of the road network. Their average difference of increase is 5.2 dB. The study has provided a reference for
road network traffic noise control.

Key words : acoustics; traffic noise prediction; traffic flow; design speed; noise distribution

Ik 117 A2 3 P 7 e OR B ™ F . 4 2018 4 A
Bl A2 S DL i, DX sk P PR B ot AT B 2017 4
S5, ELIh iy 1R T AT R AN TR AR R A

Ye#s B #5:2020-06-26

EE&WME by B AR F IS R EIUH (E2019202447) 5
JTRAE BRI G BB H (2018A030310333)

BEEE  TIB1989-), B db B R E i N, P, 3= ZE
FIT 1) N A I A AR
E-mail: wanghb_edu@126.com

27.5 %Mo TR, I 8] 5 A M A )N
FETE Lo LT 3 O JULARE 2 I v i s R85 4 55 05 T
JRISE B 8 KPR, /I 9 T A2 3 R S e AE
W o A2 MR P I A M P 4 A S i, 5 BEAS
R R TR A 285G B 22,

AZ 0 MR 7 LA Y o fp SR T R B R -G i
PR, 55 [ FHWA SR Dy St R ) B - S vH AR 2
B LAt 2R R 15 202 B A g 56 3 5 18
3oL 2 N Ul A T I S I A R AN (R A2



28

7 8B DO S 30 PR S Y A R S M S T 191

JERCIRA CH B HiO0., Tt B RN , 2%
FAY 78 7 RLSBIA 38 F o [ gk — P A Y
TS BE o AHELERIR-Ge i AY , f 2 N 2 B A DA AZ
BEENELY AT YA SR X (ML NG IS bR [EZ Nl
HHE 0T 45 2 5 RS 0 R A I8 RS AES O A,
5 B R (L B0 AL RS R R T VR
IS FH el 2 3 P 75 TN AR R 1) S FH 3 e B T, 5 e ]
RB G AT, PR B S . H EIR TR E
MR T L S S, B R R RS A
AH B BRST., oV 4 3R B A I R A I8 M 7 ) A AR
KUK RIS, s 24wy i B =g 188 Mg i ot il 452 284 8 FH
FIBE W Z T, 2235 AT R EWT AT, K ILTE % e v G
% B FEUSO G B EEUS BR B U JE B A
gRUTNEE) 5 A e R HE AR R R (B AT R
9 O R I B — B B, BT AS 5 10 XE DA R IR 2R B
PR L VEAR AL 5 P X S I e S AR R R

Zx b, LA B S0 T F A I8 e S TN AR Y 22 DL
BB AN, WA B EAC B R E S
HEARTECR . ILAb, % B % 2 AR A 5 2
A I R R HEROC RER Z WA . A SCAE B Van Aerde
AR, DL Sk TE) BRI 5 0 B Ok R o A, o T 2%
DX Je 1 (S AT T8 ) 5 A8 I e 75 N TE SR R, M 3
T 3 R B AR B PR A 3 e R TN AR A, FE R
S A2 T8 M 7S IO E AR ARG B T8 B X AR 43T
AR T % 5 AL U1 R 3 482 MO % ) 2 3 e 7S HE T
it
1 EFREERRTEEMWIEERET

M FEEY
1.1 &FEIRZIBEE RS

A DL 52 FR #E (JTG B03 — 200600 F 27 38 I
FE AR AL R B A, L (D . B AR 2 IR
22 30 M PR HERBE R, FIUINA T A2 S PR SR

Loy =L, + 101og(q/Tv) + 101og(ro/r) " =16 (1)
o Lo, N RAE S SSRGS 9, dB s Lo ZE
T2 B AL )T S5 R R R A, dBs g N LR
veh/h;v NZETE  km/h;ro NS 50 BATHE LR ES , m;
r TR AT R R, m T AR o A S
by A DG AR SR

EUL(D)F RIS, g 5o MBS, 3578
SERRI EAE , AR AE A IE IR ER I, P Z B AR U R AR
AR R RARI . (R, £ B 24 I A IE A 2 , R
T I &/ AR N LI, K B g B 4 R B o B BRER
hC a3k I AR R DT Rl 2 T T R o 1) A A T
A E AT

(4

1.2 EEXBERNETEZEMRETUNRE

M 55 ) FH Van Aerde 52 18 i 15 24 7 3 9 = 5
JE AR, 3 et <2 a7 T AR Y . Van Aerde %%
M AZ 38 37 A% 74 45 45 Green Shield #5 74 fil Pipes 1 !,
SLZ AE L S P F 4L 74 Green Shield 78] , %45
TR 36 FH AN R A IR 55 L S50 PR3 1%, B e B 4D 3%
T T8 B AZ I N B 5222, 25T Van Aerde 15
bl Ath A5 28 7 52 38 9 T 7 1 SN AR 57, AN DLk
Van Aerde 7 M A UM i ¢ S50 K R, WiE T
FEIF(2).

La=f(v.q) = f(v.0(v)) =F(v) (2

Van Aerde 7 WA 18 i A Y b, R 38 2% )R P
(Y IR EES 5B S RO EEE 3 H
DS R B¢ R, E A7 A3k AR b 5 S R
BATHEE v IR R

h:C|+C37)+Cz/(v/'—U) 3)
AP AR IR b 5 R R IR R
k=1 @)

I AN, A2 B R VR =R
2N
q=hv (%)
AR ARA(3) () (), 1 F g Ho KR,
WC6) o 13 PG Sk [A] PE il Y A8 o, 40 2 i i
RER N SEFRIE BRSO . TR RS
% JEAB B A N E AT IR B, 30(6) AT s FLK
B e 7 P
v
_cl+031;+02/(1)/—v) ©
$a 26) RN ZU(T) , A4 F 35 T3 JE7 ) 3 P B
A A A , W)«

1
ci +C31)+CZ/(1)f_U)
10log (ro/r)'*e =16 @)
Forpr o by B RS ZE R T o, NIE B H R T 1 g N
18 B e KOEAT BE s v T8 B S5 REAT BE ) s B

L, =L, +10log

(3
1 AN ZE 3K 1) R A (km)
¢ =mea (8)
2 NER— A AR ZE S B] B B (km*/h) :
1
2= ———————— 9
‘ k,(m + 1/1}/’) ( )

o= —c1 +v.lq. - Cz/(’l]f - 11,,.) (10)

v

m % B (/) Rk e, Fl s 1 F
m= (20 =)/ (v -v.) (11)




=

192 ooE 5 OR

g & il 41

M2 A B B PE BN T AR R B K, B
FE T AL T B BOFT N, NN IR % B s IE &
AL, WL 1,

I S

b
' °
A
B BREBErRER
AL = 1010gf (12)

% DX Py 1) e 4 5 RS ] R FH e R S iR
P I 75 I B AT A M 7 B SR A
Ly = 101og X 101" (13)
TH %5 O % VT TP R B AR B RE T (R
SR % X A2 8 YL 0 BE » T A I = 1 AR Ab 5 2 T
A e AR . BT AR A7) R R AR R
K FH IR0 AR O B AT R, A R T S T
DA AR T i R — o B DO 4 ) A2 3 T 5 % B O
a2, BRI T R N R A2 G R 7 X 3 I 3 A 2
e B N A2 108 Mg 7 AR TR ) 2 R, AR A
TS LR AR SIS R p T B v, (7]
FERR, KRR MK 2.

T AETE R 290, R 0 2% 45 1 (T8 6 55
P D E G AR A A . A, R
BN 22 XA @I 5 A M, DL B AR B 7 0 A AR
NHER, 2 B bk (AR R R VEAN B R 0 7S
8E) HI2.4—2009%f 58 X e P 47 & IME IE
HREARY o 2 B G 3% S 8 PR A6 ] AR SEBR A @R Bk AT
P a2 LA e A5 R T 2

A B
TR A
A
s Van Aerde 25 75 R
Al N, , ; J
g SR A
ik - gretlty

Bt s
Pl 2 3B S o P o 3 M 7 4 o S
7 [ P A G S BT T RE TR A B g SO A
R ZH e, e con mMNAKIER 1TFHE . H, 5%
WREm DL LBENINS m, IRYE L=
1000 /h', T+5 H k4 125 veh/km, 2% Rakha H Jy{#
1IF Van Aerde 15 84 ¥ 47 RUCPEHE 5 HE IR AH G S 300UE
VO s0 = 04, B2 WS G E B fE v, = 0.75009.
18 s KL AR AT e 1

1 A FIE B GO T B SO

S (ke S T Dok &
40 50 60 80
AT A8 75K X BRI AT B v./(km - h ) 30 37.5 45 60
H R EE o/(km-h™) 40 50 60 80
5 FESE P |k /(veh-km™) 125 125 125 125
BOKIBAT A A ¢./(veh - km™) 1650 1700 1 800 2100

2 1RBVFEEIGIE

T 4 T LI T A R A TN G, anEk 2 B
TN o A A 1 Mgt 7 N £ R SR b R 2RI, 7E TR
RS A AR /D Hoze 25 22 YOI [IRIF S S 10 X A
5NN 55, DU AP R 0 PR AT R B L S 2k oy R
7.5 m.25 m.50 m.75 m. 100 m, I & 1% #% &y CEN-
TER322 =it , - N Lid il & e, W&
B8 TAEH , SR 08 AE N S RS . A
B, o S B B U R LR 2

22 BFFUIE BG4 ) o S

= TR =%
I R )
a 40 2 2726
b 50 2 2997
c 60 4 6 309
d 80 6 15 890

MR &8 B 450, 7] 25 3R 1 5 B8 24
fE. RO TR BESAT B, ] H
AR B AL 36 M 7S AR A X (7D AT TR B 4 2% T8 A
T MR AR, 5 S RS R B an B 3 B . I3 3R
B, AR FIUII AL /N T S, X S5 B AR 8 S35 v,
LRI K ARIE S E LR Van Aerde B8 THE
E PR 30 TP O A1, 2 17 50 5 e g 7 0 A R /)

83 S
g 80/ -0 - 2 Fill
w [ ——b-5Lill
u& 70 | -—y«»b-;m
= —a— o3
E@ | - o - - Tl
s 6@ —a—d-hl
[ = --a- d-Fl

50 =

7.5 25 50 75 100
BT 5% 5 B B8 30 25 #H S /m

o

P 3 e g A ST L e T AL



28

7 8B DO S 30 PR S Y A R S M S T 193

255 T 4 2% T8 I 1 28 T8 W 7 S 5 T
B ZE, 152 E 4. ERER,4FKE S TNMES
SEAE B KA 2 3.41 dB, e /Mii 228 0.46 dB, T
B2 1.63 dB. i 45 I 2 2 G K, S 2 T
5 P RS, X ] A EH T 0 2 P s 0 K e AR 1 R
08 M 7 R o 1T S N P ) BT AR A
TRAE - BEAh , H T AN [F] 30 % 45 4 28 38 M 75 HE il S
Maf P 3 k22 S 5 4 2% A A [ A5 i 1) A e 7
SEIME 5 B AE K NMEEE SR

3.5
£ 30
M 251
20 —o—jtiBha
L oys5l B
= 0 —a e
2/ - ilBd
w0
0

75 25 50 75 100
7 2 5 B 30 2 5 /m
Pl 4 4% B ST B S5 OB 1
2 18 2055 PR 5 SR 1) 22 B0, AR
A M A TR B R R R, T — P
T % DX St e 7 TS FRT 52 MR 43T o

3 WIHREESET UM A
HERLS2 MRl

v e O g % DX ER T % B AN T B T T2
TFF 7 S ) A2 3 e 7 5 % B R R Bh A8 S8 R IR
I FHASTAOLR I, 368 5 3 AR AN e BB T B, 2 4y
5124 40 km/h. 50 km/h.60 km/h.80 km/h, 73 #1 X} %7
(2 E M 75 I 7T A H PR B B 2 AR R
DL 340 T T 2 O 488 7 Ak B I A8 E MR T HE T
AR
3.1 HAREM

2 L8 B3I T 2% W AT R LA AT R s 2 U] S
SR T % R, WU 545 DX T % g % 4 R WL L S, B
AR g T E RSN (a: E T s m: TR
154y ANCES = k- = O A A R 3 B E = =
A, S AR A BTSSR 2R A0 /MR R

A < 3,2,60,6,2,08 C) 8,2,60,4,2,36 ®
) & =
< ¥ <
(=] (=3 9)
b 3 <
< 42,50,42,000 & =
= ¥ k-
<~ g E
=3 A £
® 3 [52,60,6204 & 10,0,4243 o
< ®
N i \v

5 BRIIZE A /N X R 93

% WA BT LE X 35 %14 9 AVB.C.D.E.F 3L 6 /)
X, HHATRE PR 2 , LR 3.
%3 HATHEFE/(veh-km™)

A B C D E F
A -- 1764.47 121030 886.05 589.19 1049.98
B 139348 589.80  990.58 2695.79 1330.36
C 1445.80 1163.94 670.44 388.67 831.15
D 773.97 2253.50 1223.01 430.00 919.53
E 1024.46 1002.63 238.06 1665.94 1 968.90

F 86235 81521 1238.79 1387.03 1796.62

SR I R A T AR SR B 190 B A X3, 328 U O
RAETF 224 G2 X3 AL 194, #% B[R] R fr 3
A T B X 3 5% i BUAE T B AR A I E
P % B 5 43 ol 75 8% D A Al 7 A0 S G593 A
L by 15 WU 6.

*Cl1
13

oB1
*B2
eDI1
.C2

Kk BMAMBRS A T XIRE A
C: T B X H X3t 7t

o HEMAMURFFL A B: “T A XA X T

D: 8% B A 8] XA 7T AR

Bl 6 i T 5 5 5 % B A )

32 MRAE

KR AR ey, B RAR - 45 i B At
PEAAR , BRI B 20— 2% H b it BLse v B, Ji
I 22 38 7 T 15 21 i B o, R P R AR R R 3 M 7S T
NSRS K AR LT B2 DX - 1F 90 p A B e 7 o P IR B
T4 BRSBTS, B FIAR IR

P B3R 7, sa6 b oxt 3 46 H br i BUK el
AL B, B UE #5880 %6 i X 3k A7 42 3 40 i, 5
FI R L3R A 7 o A SR 22 S UL R e A 4R, S 75
B 12 2 M s G , 3L 264 S AU 7S AU
33 HEROH
3.3.1 IR E i 4L o4 T B B AR PR B A4S0 B X B

KB E

BIF 7 H DA 22 AN A 9T e e 7 A A i 4 0o ) R
THE AR TR 2% 0 22 T e 5 AR Ak, FH DU BB B B S
I FEOC R

AR % B W I 4 AR, B 40 km/h
A5 50 km/h A 50 km/h %4 60 km/h A 60 km/h 2%
9 80 km/h B, (2% X A2 388 M 7 HE T50CAE A0 1 O LI 7
E LT T8 I BN W T I B T S BB I, A R B




2]

194 W

5 Ik

g & il 41

40 - 36.5dB
35

25
20
15+
10 8.3 dB

5

12.3dB

It Do 52 3 M 7 AR AL /dB

S % B P % B

TR HMU B B

Bl 7 7 [ 8 AL - P A 9 2 3 e 7 Ak,
% B AR T B X A2 3 M 7 AR A B R /IR A = A
5 B M 5 B A B 5 FL b % P X3
B AR ) I - 25 5 3 e S AR A R v IA 36.5 dB,
25 KT I AR S 26 B 1 15.1 B A % B 1)
8.3 dB, 7 B % %4 P 0] % B £0) 15 v 3ok 5 A A0 T 5 )
g 7 HE VR 5 4 FH B o8, X AT RE A T O B B
2 38 X % A AR P 5 JFG Al A A R % D U
AT R S 5 3T 0 DX g A e T
3.3.2 WITEE ES N TR WA @R E T ER

W72 Bt 3 2% B Ao B B e v 3 B AR AL =
A R AZ 0 I R AR A B, R AR D A B IX AT B
M P 3% DX A2 G e P AR AL H B AR o AR BT B I SR
i, B A 40 km/h 4% 4 50 km/h+ A 50 km/h 4% N 60
km/h. M 60 km/h 725y 80 km/h I, I I AN [] [X 428 i

—8—-40km/h-50km/h ~ —»—50km/h-60km/h  —A—60km/h-80km/h
‘Al A2 A3 B8 B9 D2

5 A A 00 X 3
(a) 2% 0 P 00 DX S e e 7 A A

A% 3 M AR /B
SAhLon
A% 3 M AR /B

Shboons

—8—40km/h-50km/h == 50km/h-60km/h  —A—60km/h-80km/h

Bl B3 B5 B7 BIl Cl C3DID3
5 P S0 X 350

(b) BN [X 35052 S e A2 Al

VR A2 e M 75 HE B A 15 T AL 8

XF ] 8(a)~ B 8(b) R BIL, 75 3 4H v v 3 FE AR Ak,
(M 40 km/h 4% A 50 km/h+ M 50 km/h 484 60 km/h.
M 60 km/h 25 A 80 km/h) I, 2% 9 P A0 [X. 425 A2 368 P s
AR AN B 35 S 3 KT B P M DX 85, e 2 P 343 K
5.2 dB; X 72 BH T X 35 A e e 7 p G T i B e ad
Nk P S I A, AH B S DX 70 DX 83, 2% P pA 0] X 38
Bl 265 B 2% P55 B K, A B i AR AL 3 U AL d e
R A ATE

FH 52 B 3% ) - 3] 2 30 Mgt 7 AR A 155 50 1 P 8(e) T
1, E BT B A 40 km/h 2% 4 50 km/h A 50 km/h
A% 960 km/h B, #% ) 22 38 75 43 031 39 0K 0.67 dB.
0.35 dB, 7E B i35 & M 60 km/h 25y 80 km/h I},
WA A2 S e 7 /N 1.5 dB . 31X 3 B Bt 5 Ve T 3 AR
K 5 P A2 3 M 75 R TS S 1 SR R 5 L 3X AT g A2 (R
NVBETEE A 60 km/h I, 7 BT R 0 X8k HH AT i &
T % DX A A B R B R LN B
L, % I B AC T M 7 A vy i DX R A g S HE TR K
EBE 33 B A 80 ke /h B, 846 9 A2 37 M 75 FARAIG , X
BH T~ X3 A7 3 B 1 o HAE S 80N R v
FE B L B 3R 2 R B 4 B B, B AL B ) A A
P17, i R AZ 0 M 7 AR BRI

S 10 06748 0.35dB
g i —
_— \\\\E
L -1.0
% 1.5 dB
35 2%0 km/m~50 km/h 60 km/h~80 km/h

50 km/h~60 km/h

B
(c) MR HEEARLT
4% I A2 8 M AR AR A,

5 [

B 8 it it B I S AR AN I 90 A [ o7 B 52 Je Mg P AR A

4 25 i

A Fh 3 T Van Aerde A2 38 B 7Y )
A B A 3 M P RO AR Y«

(1) f&5 B Van Aerde 22 B AL , 73 4T 42 Sk AT i
T HE 5@ 2 AR R, USSR T
TP N 2 IR ) g R T T 1 AR R e S Y
FERY 4 25 AN ) 55 20 I 1Y A8 S M P Sl R B, A
A I S TR ASE B T AR 4 R S pR S BT AR
SIS B A A 258 1.63 B, T A2 R FE SR .

(2) % B R B 2 S 8o, BT I8 AR 40
km/h.50 km/h.60 km/h.80 km/h L AE AL IR, AN [F] 7

BB B AR R B O AT M S AR A B MR : A
5% B i &7 00 88 BB A7 00 8 B+ % I g 0 X e 52 3
Mg P I 2 KT O AN DX ek, B2 P 24539 K 5.2 dB s
TE TR U T8 3% 7 AT, 6% I A 0 ~F- 32 2 3 e 7 4
AR TR FE KT 8% W
(3) F3 T 6 BB VA 1 B XoF I IO 52 36 M 7 B i) ]
DR X A T M P A R AR 2
S k-
[1] e AR ILAE IR AR 3 . 2018 45 Hh [E AL SR BRI
AfR[Z]. 2018.
[2] BABISCH W, WOLKE G, HEINRICH J, et al. Road traf-

fic noise and hypertension - accounting for the location of



%23

7 8B DO S 30 PR S Y A R S M S T

195

(3]

(4]

[3]

(6]

(7]

(8]

(9]

rooms[J]. Environmental Research, 2014, 133: 380-387.
TOBIAS A, RECIO A, DIAZ J, et al. Health impact assess-
ment of traffic noise in Madrid (Spain)[J]. Environmental
Research, 2015, 137: 136-140.

FHWA traffic noise prediction model US[R]. Washington:
Department of Transportation, Federal Highway Adminis-
tration National Technical Information Service, 1978.

RAJAKUMARA H N, GOWDA R M MAHALINGE.
Road traffic noise prediction model under interrupted traf-
fic flow condition[J]. Environ Model Assess, 2009, 14:
251-257.

T, AR, T @, 55 FE T FHWA 35 1 52 i
TR R B 5T (0], PR B AL A2 S R, 2014, 37(9):
116-119+132.

LI FENG, LIAO SHAOYI STEPHEN, CAI MING. A new
probability statistical model for traffic noise prediction[J].
Transportation Research Part D, 2016, 49: 313-322.

PENG JEFFREY, PARNELL JEFFREY, KESSISSO-
GLOU NICOLE. A six-category heavy vehicle noise emis-
sion model in free - fl owing[J]. Applied Acoustics, 2019,
143(1): 211-221.

NEDIC VLADIMIR, DESPOTOVIC DANIJELA,
CVETANOVIC SLOBODAN, et al. Comparison of classi-
cal statistical methods and artificial neural network in traffi
¢ noise prediction[J]. Environmental Impact Assessment
Review, 2014, 49: 24-30.

[10] GARG N, MANGAL S K, SAINI P K, et al. Comparison

of ANN and analytical models in traffic noise[J]. Acoust
Australia, 2015, 43: 179-189.

[11] %47, D% 5T Cadna/A 1552 8 HUIR I 7 1

[12] ks, A&, 2 %

B A B[], B SR AN ], 2014,34(3): 136-138+
181.

it 5L B GM(1,N) R 7R 7 27 3 g
FE I HH R R A 9], M SR AR, 2013, 33(3): 184-
187.

[13] A, iR, g . STy A2 IR PR R R ) 2 Bt

R SR AL LR S N, 2008(18):215-217+
220.

(14] BEWEAR , XU AR , TRAB I, 45 . T B 4] [ 2 f 2 308 e 7

AR LA MR L[], B AR, 2018,42(8):41-43.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(22]

(23]

(24]

[25]

[26]

SALOMONS ERIK M, PONT META BERGHAUSER.
Urban traffic noise and the relation to urban density, form,
and traffic elasticity[J]. Landscape and Urban Planning,
2012, 108: 2-16.

LU XIAO DONG, KANG JIAN, ZHU PEI SHENG, et al.
Influence of urban road characteristics on traffic noise[J].
Transportation Research Part D, 2019, 75(1): 136-155.
WANG BO, KANG JIAN. Effects of urban morphology
on the traffic noise distribution through noise mapping: A
comparative study between UK and China[J]. Applied
Acoustics, 2011, 72(8): 556-568.

TANG U W, WANG Z S. Influences of urban forms on
traffic-induced noise and air pollution: results from a
modelling system[J]. Environmental Modelling and Soft-
ware, 2007, 22: 1750-1764.

JTG B03-2006. 2 B3 B 00 H PR BT P4 VEM]. db
s NRASHE H it 2006.

JOZRF SRR I, X255 , 45 . I K S8 i M A T A 2
T 25 R AT ELEL[]. FBE TR 41, 2013, 7(6):2391-2395.

RAKHA H, CROWTHER B. Comparison of green-
shields, pipes, and van aerde car-following and traffic
stream models[J]. Transportation Research Record: Jour-
nal of the Transportation Research Board, 2002(1802):
248-262.

KHAIRUL ANUAR, FILMON HABTEMICHAEL,
MECIT CETIN. Estimating traffic flow rate on freeways
from probe vehicle data and fundamental diagram[C].
2015 IEEE 18th International Conference on Intelligent
Transportation Systems, 2015: 2921-2926.

RAKHA H. Validation of Van Aerde's simplified steadys-
tate car-following and traffic stream model[J]. Transporta-
tion Letters, 2009, 1(3): 227-244.

[ ZK IR ELORY R . GB 3096 —2008 75 R 4535 B A5 HE[S].
A5 A E ISR B A 5 2008.

rhie N RN ] [ 5o B A B A R, v R L R
PRUEA 2 143 . GB/T 3222.2—2009 %% HRKgHE
PR I S PR B 2 F Ay - PR S G 2 [S).
b5 i FE bR HE H A 5 2009.

e N RS E PR AR5 . HI2. 4—2009 P15 5 M 1T 4
PRGN IS, Ab - sh EFAEERL A Rk, 2010.



