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Figure 1  Video clips from the four shooting locations

AT RIS, B MU R TR O SRR RE A HE A
T SO o3 HEL A S 1 ] R A B T 0BT BN 2, thL g2 11 % 2 K )
H— M [ ? NGSIM A 5 — AR 2 | k% 0.1 #0, FRATTWERA 1 0.5 #2410 1.0 #
TR A ) BT ) TR (3 )0 T SRR o1 T 2 0 o 8 A A 2 1 T RN T3
— MR, TS0 BRF T DD R /0N, ) SR S 2t A L 2 A 7 0 £
REE SRR R, B 1.0 AP ENAIRE, B AR AL B R AT 0.8 K, AAEARED
I 25 R A8 AR PR R AR 3 A BN TTER 0.1 BB TR IR, RDRE R
RV, BT E SO BEA E 0,08 KA HENE I .

BRBEFEFZ )G, T EEE K2 b B R 4 B UL i R
FES T B s rh P, JRATTL «UE-ZESKIRIEE Y (vih) B Ry BB K SR AR R



%, HTIX— AR T R RIS TR " . R
PRI b, RN — e R, R SR A R, BT LAE T R —
ZE 38 T R T RE R AR 2R Y, B A RN ATy AR, T
R “ LR B EE TR . TR B, AT T FRA T T
T B 7EAF— WA L AN T A i 221 SR 1 A7 s T ) — 22306 L Pk 4
W2 20 SRR MR B GE I RTRIGAT N2, LUK b — i P o st 1 i 4
R B SRR AL B, SRS it SRR 205 o B e Sk iE, /33— 41
“HPE-ZESKIRIEE” BN, T LA A e N R A 1] R R SR AR -
723 A PE RO o PRI A5 (3 B R ZE S (A, T DA B A R I £ 55 97
YR, (HEATRBA MBI (FR “SBEE” 1 “SRE, @ Fm
R PR A AR TR, O IR R TR I R T, — R
2ok 1 1F A B e 7] T30 38 AR ol o 58 LI BET B3 R T m  02

F T30 o A B R T e, RSk PR R, 7E 100 KA A (ARG Bl Py A
AAEAEF — R AW (BE 2 ZERfEnt, B A BRI 8 E# T T B R
et LASC (B GA5 K G2 — /M4 SR FITEAF IR AR B A s ZE by B A
B, Horh R AR AR PR L S . DIGE B R TS AR RS
IR LA 5 NGSIM 2B ZE G508, WIFR vid J7vk. 2.0 TR R BN 0
TR AR, TR DA B R R A R B R A, R DA TR M 45 3
ME, THRBIE. £ G2 — N HEMEN B (201244 H 3 H R4, EHPZERR
ElE), ZERR AR, SREA AL B A, BT LR T A 2R 4
LA EEMRC IR E B (vim) B, 3. TR A B 1 R T R 2 A,
Fif LASIZ G 20 ZE P B MR, orh G15w A GB0 454y A MHREL, G2 M4 &R 43t
BUAPTERRIL. 32 1 45 T ACSCSRA RO L 46 3B v T A B (RO AR I B, st
ZHK 9 AMREA .

F 1 HE LR A B TR S

Table 1 Data sets of traffic videos from four Chinese intercity highways

LhERE #E B 0 HE AWM

B HEeE (R BEOL  (veh/Mlane) [ERE  FW 0 OWE B HAEE
(s) EH MR AH
G2 Nk 20120403-1445-1554(—) — % 1030 1.0 /> vid 43 6203
G2 ik 20120403-1554-1612(—)  #Hit¥ 1063 1.0 E2 vim #4274
G2 ik 20120504-1506-1636(F) 1% 854 1.0 b vid 43 8540
G2 P mEndk 20120606-0747-1149(=) @1% 809 05 b vid &3 42556
G2 L ik 20120606-1651-1800(=) MK 1.0 b vid &% 3076
G15w W & & 20120328-0801-0943(=) ## 539 1.0 b v/d 2 2731
Glow # & EE  20120908-0808-0959(75) il 589 1.0 b vid  &f 2958
G45 Uk 20110707-1534-1755(V0) % 0.5 b vih BN 14402
G60 Y B 20110726-1414-1812(—)  i@W 359 0.5 T vid &9 17002

Bt 100209




2 EEMSTESRI T

T B B ZE AP AR, 3P e T A % A8 G A A AT SR I 8 B AN R T3
PR S I XU REAE , X0 B AT IR PR AR 1 T B R 26 2 B 0 AR BB AT 9 e b, R
T AR 1 P43 R R EUE) G15w A GB0 = /Mf A Szl sk B £ 4 i), Fofix —
A 7C . X =ANREAR— I 22691 AN Kdis, oAb R — 4 n] RS BB L
TR b, MBMEESBEA —E 2R, RMCPIIAE. Bl 2 AR 5
T2k, BEARFRNZEE(m/S), AR MR R,

— GBO
G15w-1
G1ow-2

01F

005k

o I L L I L L
10 15 20 25 30 35 40

Bl 2 ZEd AR B AT
Figure 2 Probability density distribution of vehicle velocity

M 2 FRTUIES], L VUFER G60, it ~ZiEN Glow, J&HibaE
WA TAEH (G15w-1) AR H (G15w-2) PRI A[EIEAL,  SEillf5 3] i sk 225
W2 5 R LA T R . 3 T e ik 48 B 5 v T B B SRR
3T PRI % ) — B B A R AR R TR R A AT U, MR R IES
oA AERER) Rk AHERE, ZEystifl e Emare, HEMME KM
MR SR EH BEARRE, EEmE AR LTt af BEZER . UL G60 MIFEA A,
ML 17002 NS, 2 AERIER A 23 R 10695 AT 6307 AN, BT S5 1H 4y
W 29.77mis Fi1 20.44mis, Z AR RHE . HE—25 AN TR 4 50 A B R T LR
), BASEHMOEEZEEMZ (K3 MAAWHENRIERE, S5 PoE kR e
WL, VR AT A2 IES B (HAEENIE ISR, BT SUEHRHE .



E mf [
A opsl | T Total
Euna-
Fonsf
EDDE- =
% 10 20 5 A0

Speed fimfs)
B3 G60 7rZ=fh dr g F 5 B A il 4%
Figure 3 Probability density distribution of different vehicle classes on G60

PRt 475 SIS 2SR U RS (ORE R, {479 LA
ML B IO, T EL PTG . 7% A AR R R T . 95
{25 ) g A S AU FAR 6 5

(x=s4 )2

_ (X— )" +a° 25
””\@ww%wafmﬁe

Hh&Ha? sy~ w, MBI IZH, FEX LS AL — 2 S REDS
BUSETEAR o AT ()2 S S PR i AN B, R SERn i Y i 2 B i
PRI E LR, BT DA HE T O 3 3 R IO X

y —0< X< 0 (1)

f(x)= %{ogkl sech[k,(x—x,)]+ (L—a)k, sech[k, (x—x,)]}, —o<Xx <0 (2

HPOETAERSE: o ki~ K x Ax, o x A x, 322l PT84 B P o
E, HMM=SHNS5EREE. TEFHR, ae[0l], k,>0.
W)X, BRE f(x)>0, FFHHL:

[ fax=1 ©)

A I:x-sec h(k<)dx =0, L) IH- 11 Ay

=[x 000k =2 [k, T x, + A=)k, 2,1 = @ + (- ), (@)
= p/a k, K,
HA L E SR AR : W3R x F x, 0 R R B EM T I, FHEEWI A,
A 1 RN E I G R
Q) , TEHMEMSH B a k- k- x Mx, A4 A THITSHAM
A, B S TERE AR O 3 B VG R R B NN S5 BR (R X TR], 5 &N 3 B X Ja) A A A
X R AR 3 e x (i =1,2,..,N) F f.(i=1,2,...,N), 2R/ HEQ2)=it5H 152



FARLE £ (x) o TRAAEMIE QTR NANZ B
N fi

ok ky %) ==

N 2o ©

AR EFRRES v ko~ Ky~ X B X, MR L4 B A eSS B, 4R
@J_‘/[\)Jj‘ {a*' kl*’ kz*’ X1*’ Xz*} , 1%,/(;} J (0(*, kl*' kz*' Xi*’ Xz*) ﬁ%”%d%ﬁo
AT ZAFEAT, SHEPPUA T -

{a. K, Ky, %, X,}<{[0,1],[0,1],[0,1],[12, 40], [12, 401} (6)
fALLE

{o* K * K, *, x*, X,*}, ={0.313,0.316,0.257,19.34,29.62} )

{o* k> K,*, x*, X,*}, ={0.526,0.380,0.378, 22.09, 29.36} (8)

{o* K * K, ™, x*, %,*}, ={0.342,0.522,0.400, 21.43, 28.40} (9)

KRR 1. 2. 30 9FEIR G60. G15w-1. G15w-2 =/NFEA. MEERE, VUZEHE
1) G60 % B, PN 2 [A]E &5 bE — 4218 1 G15w B8k T XK H 1) G15w-2 FEAR,
A KAE, JEHRRMEREHIRETEEN kA, BFE T/EHZER. B44H
T EAFERSHAAL G A S5 R, i e dh 8 hseEdE, et Ze vila %
P, WICLUE H R R R 1

a) G60 b) G15w-1 c) G15w-2
B4 MEEZEFRHSHRAEDESER

Figure 4  Fitting curves of the probability density distribution with parameter optimization

3 KBRS R BRI 5

ZESK I BRI A R — BB IS AN A5 JE BIIA I — fa e L E I (A 22, "B {3
s T EEnE, AAEER . & vid AN E PSRN ER)E Ik
R AL S AR LA S A7 B A SR I R, R BCE AR A B S % ZE AN BN T Bl
0T DA R S 90 2 )3 T S ) S PR TR S TR A 2 R BRI TR 2 AR A



SRR, 38 I — VA SCFR AT B S B R S B o AT A G2 [ — M REAR (2012
£6H6HLEg) N, XEELREEIX—AF S R I .

0.25 -

R
B o
T

02r

0151

01-

0.05 -

e

L L
0 5 10 15 20 25 30

Bl 5 2K BR AIRE R 3 B 25 A0 Bl 4
Figure 5 Probability density distribution of time headway

XA B IERER] 10597 N SkITFEEE . HoA KT 30 #PIEdl 21 4, 5
bt 0.2% A2, JE8FAARFRIER, MARTIANG . Hax 10576 MR, 617405
] A B4 PR ZETE R 9 3499, 3471, 2202, 1404 />, ZESLIN ERSEIIEAR R A
3.73. 3.75. 5.90. 8.76 (F), WAKFIZELEFE N 4.86 #. B 545 H T LA EE
FRORBE 2 3 BE 40 A 2k, 6 i DR 2 Sk 1 B PO 3 P 0 A s 2 P ARAR AL, 3
it Kolmogorov-Smirnov &0 B 7 VAT (R i ke B » 465 2R 07 28 Sk BRI — AR J il
ALLRR MK 5 IE 25 50 A

TEYE T P B A =T o, BANER B — PR M@ &
) “HPBITER” BRR, o ARee “25” [ZEaR e SO < mndiRah” P,
RS2 2] T B N AT B3R P o INZE L BRI A B R, e TE R Ot AR e 2 /N 4 Sk
PR, A SCHR O KT/ N RS BRI — e iE P80 FEARTT IR TR RATE R, A
FFH 2k BEASER L 1 ADE A s B b v, IS4 B S 594 N, ﬁﬁﬁﬁ
B 1 5.62%. XFHELBITE 7 AN LA FEA A AT LSS 2, BAI7E € A
%5%%%@%—ﬁ,mEE%iﬁﬁﬁ—ﬁoﬁ—ﬁﬁiﬁ%ﬁ,mmiﬁ%ﬁ
PRI B KN 228, 2704 66+ 30 >, (5 ELAK KN 6.52%. 7.78%. 3.00%. 2.14%,
Ui A 4218 TR EIE,  Eod eR 0 )LL)z 0 T % .



m @D m oo
L) R =

@@ om @
B R —

HECF fveh)

Bl 6 FREmRI S EMS R
Figure 6 Effects of HSCF on traffic paramters

FEHBA R LRSI AU AAT S, BT BIPE. BERLYE. (B TR
M ATER B PSSR AR A EBAE, LRI BB S MO 27 A
RO, T A 05 BT BRO B DL T 6 AT REAHCIR e [T 7
(oM BT 4, R — 256 ) R B SR SO, (HSCR) SML45it T 4k fE, T
SRR TR WO IRR . I 6 T LU, B P BRI A
S, AT T S TR A S KIS, i PR AR
P HBATBIOR, B FREB AN, 3. 4 TS AT AN
%, T 1s 2 PR ARG PR AR AT A, BEASIEN A T W A
U R I L. 2 23, DA 0 T2 SR % A 1 P BRI
PR FTHER, R MR AR AT T, JRIAE ViR ™ A
FT 40 S A T A

a) LBk E R b) % 2P =y i R ot
B 7 R R
Figure 7 Two types of HSCF



IR ER YR P AR — R R B E ST mEAT R, A 7(a)
Jion, ZLPE h R 200 115 2 UMK, SETERZESKN A S 0.7 ¥, fRfre
R ERA ARZS s TR DDy G AT i B R R A e R, W& 7(b) P, 4L
] oA I A3 ) 2R A e e AR TS, BEOR 4, e R R R A 115 A B
NI, I HATRIBUBGE TR it 5 A4 10 42 Sk B e AN E) 0.4

Nu.

B8 WEERNERHE
Figure 8 Lane-changing induced by HSCF

FE BRI TR RE R VSR, ERARRIFEIER, T A AN
52 B BRI T K5 2RI E B A, nl&l 8 Fram. ZLRElrh 4 B2 247y 105 2 B
AN, SHTER RSN ERLE 0.5 B0, B EE IR — B B 2 f5 MZETE 1 # 3
38 2 DUBSREINRIEATE . F0iRIE, SR — Mk STy, ik
MONZESKI B ER, B AT RES INEEAT N AR, #RR k.

4 “TE-FE” BABESNT

ASCIN R FE R s N R ] AR A, B B T X bR s B
TR ZE00 5% B o A B B R A% 0 81 T4 55 1) P 2R 200 A B SR RSP 3 15 2P H R
e L2 1 w45 21 Wardrop ™! fr g X . BB 2153 BIXFE—XF “HE-2E " 5
W, EATRER T BRI R P H, @A R (R B 4~ 35 X REAS B S AR R T
H, FE AR “RE-FET AR, KL 2012 £ 6 H 6 H B4 G2 BysE
DR R, RIT “RE-%E7 BAEMNA.

9 45 TR BUX AN A AR A N 1) 3E A B, e 1 RD R AT [A] (B
FEFE ST AEOT 5, TN ERUED, AR5 5 #. 10 £, 15 2. 30 #2160
Ty, 55 6 MAEEE. AR L, Kerner fEHEH “ =A@ FISH BT K HE
M7 E AS 2B IR LR B Sl dids B, Kb B iy “mE-E T ARSI
oA G o FRATTE S T R % S S TP R R Y, AT REAEAE = AR SR R
B-EE AR, KSR 0 MG . BIAX—A L Z B — AL
Tig@RES RS A 9 MFEARBR AN BB BN B A X FRHE, X 23R s e
A BEAFR T IR PUE R 2 4D, Frllx M52 a8 . B 10 MGH T 1 E1E%



PEAHN AR K (Kerner WA ZLMZEERSE), R T 5 #-FIyn % T 2

DU R Ak, HARERANE 9 AL

R 9 H, MN1ME 607, BEER AR, “HiE-5 8" HAK KSR

FEMAERLNEB hREE, X MAM/ER

14538 . KN Kerner (1S s] 7]
EHEAH 1 20%t, AT CELFEI T BRE ) AE 1 BVl A A, Wi Z (R AE(E S
W25, BT R G HHXMEAEIEESBA S, A aei 47 LW 5t

1s S 10s
6000 6000 000
5000 5000 5000
. 4000 . 4000 . 4000
< 5 =
= £ 5
2 3000 = 3000 = 3000
= 3 -3
=] TR 2 5
o000 i & 200 K = 2000
i | ‘ : & I
1000 | I l . 1000 1000
AL . 0
0 10 20 0 40 =0 0 10 20 30 40 50 0 10 20 30 40 50
Density (veh/km) Density (vehfkm) Density (vehfkm)
155 0 60s
8000 000 6000
5000 5000 5000
- 4000 . 4000 . 4000
= £ £
T = k-
2 3000 = 3000 2 3000
E = =
-] iy 2
- 2000 - 2000 - 2000
. o
1000 / 1000 /f 1000 / .
0 0 0
0 10 20 3] 40 50 0 10 20 30 40 =0 a 10 20 30 40 50
Density (veh/km) Dengity (vehfkm) Density (wehikm)
s B
B9 G2HE-FEELE
Figure 9 Fundamental diagram of G2
1s 5s 10s
8000 8000 000
5000 5000 5000
. 4000 i . 4000 . 4000
£ = £
H g e 2
= 3000 + = 3000 sty 2 3000 3
H E .n” = soiniy
& 2000 & 2000 'i'i'x & om0 R .
1000 I 1000 'lll'l Te 1000
|
0 0 o 0
0 10 20 a0 40 il 10 20 30 40 50 0 10 20 0 10 50
Density (vehvkm) Density (vehvkm) Denzity (veh/km)
155 30s B0 s
6000 8000 6000
5000 5000 5000
. 4000 . 4000 . 4000
& £ E
= = =
s 5 5
2 3000 = 3000 2 3000
. z H
" 2000 : A - 2000 s, - 2000
e .’ +
1000 1000 1008 /
0 0 0
0 10 20 a0 40 50 0 10 20 a0 40 Eil 0 10 20 a0 40 50

Density (veh/km)

Density (vehikm)

Density (vahkm)

B 10 1 EERE-FEELE

Figure 10 Fundamental diagram of Lane 1



B A R O, - R AR RS AR F R, AR
A — B8, B e % B U B B NI S, [R)— N FEAE oot B2 I = Y
MRAZ/N, BN I AR R A BRI R, BT LA Kerner 78 “ = FHAC @7 15
R A ek B R o — 22k . UGB AN BRI 1, B8 W AR
B KN T o 7E Kerner 1 43 b Szl BE o BT, R ORR B
2500veh/h/lane, #8821 F R 70 e oK %5 FE AN B ik 25veh/kmi/lane . [RIFE 72 Ao (N 4236
BATERE 10 FERM 1 Bl i Km ik 4000veh/h/lane, fi K% i i
40veh/km/lane, £t 15 #5LL_FBf 832 J5 A4 R Kerner 145 SR e SAHRF . #em)ifi i,
TSR T B0 v B v A BRI 5, 15 i T i) ol P ke A ] o 8 8 AL B ) A K
HERBE KT, BT KB T B2 1 Kerner (3R KRt —8, © B ENGEEER.

5 — TIN5 KRR BB T

BATEI 1 GAB S AR, BB T — Kl T — i ZE 0 1 5] A 2 4218 I
BT @IMIE 9245, K AELE 2012 4 9 H 14 H i 4F 11:59 5] 12:15 3X 16 4> FhiskA] H,
MEATFT AR AR o] DR B RE: HMORAEL 2 rbh 2 G, ZERB|H,
ORI EENT (B 11 Ny, mE2Ah) B ERE 7 — 8k (E
1) =MATE A 45 g8z )G, FUNRATICRAE R, NAETEmM T R E
P EERE (B 11(b)F =/ BL f1 B2); il 6 /8 Ea 5| it e, BEhE
Fikx, (HESBIARSAAIEL 3 Bh 2 5 A BWIR B WiE . 1EARTT R AT 2R A5 1
PRI B0 A 4 B RAL T NGSIM [ 280, AR anfal 73X B — AN 32 1@ F i
1 R A R S W 3 1 I A A N R 2 AT A

Traffic Flow
\
3.75m i .
- iA —— ABI - 66m |
3.7\5m Ape N 65m
} 89. 5m }
a) FEHEE b) #BURE K

Bl 11 G45 Fiiisss| R EisE

Figure 11 Traffic jam caused by a vehicle broke down on G45



] 11(b) R R X R AT SR SR G, 5 11(a) T G T A7 HEAR
SERL, EPR AR . R 1), X5 R AN T, A R
PR AT R, AR LT SRR . SR ASCU R 73, 1)
ARG 1 Fp, 7 16 4-hetg sh s B ZE 00 B B0 4412 4, T HE 3903 4, % 3k]
PRI 2849 1>, PR 7R 25.38 & BN, Py ZESLIEIEE 15.81 K. /RAAE, X4k
S 5 AT LTIV A e T A L N 2, B i bl A
SR LR/, A S R T IX 4 2R R B @

B 12 SRR MRS SR 8 2 B 57 A B B B, AT
], BRLEAD, AR A 10(0) AR X AT R B B, SRRk, AR
R ERRGER. B 1207, SOHESNEREA, TUEHLKER 1%
B gD, A8 LA T LR 2, ADZEE 1 AT, HE
G R AR B R A, B — AT AR AR, 4L B
B BL A B2, HBCESLE L 60 ZRIGHEN 1 F ARG EW (oA
AT, FRATH IS RCR, e R G R A 9 R T E. 13 1
N7 R A CSCE, (EREE BL R B2 WSS BB AN IR B SR R, YR

;IEEE
H 3o

a) 1 i b) 2 i
B 12 G45 ZEEMM BT

Figure 12 Vehicle trajectories on G45 during an accident
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Figure 13  Senario after the first roadblock was placed
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Table 2 Empirical traffic parameters at each stage
WEBE  CPYEE CPHEKEE FOEE Bs R FHF

(s) (km/h) (m) (misfs) BERIEE
0-279 52.70 25.46 -0.41 155 0.554
280-446 21.02 13.54 -0.21 350 2.096
447-799 17.34 12.17 0.04 288 0.816
800-959 21.02 17.77 -0.19 163 1.019

&t 25.39 15.81 -0.14 956 0.996
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Figure 14 Comparison of vehicle trajectories at free flow and at jamming stage 2
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Survey report on traffic flow of several intercity highways in
China
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In this paper, more than 100 thousand pieces of vehicle location and velocity data are collected from
traffic videos taken from four different intercity highways in China with improved acquisition method.
It is discovered that due to the high proportion of trucks, the distribution of vehicle velocity has double
peaks in general, which can be well fitted by a combined hyperbolic secant function put forward in
this paper. Research shows that the time headway usually obey the log-normal distribution, about 5%
of time headway is less than 1 second, which is defined as high-speed-car-following phenomenon
(HSCF). HSCF, which can be classified into active type and passive type caused by lane-changing,
can increase the average vehicle density and flow rate as well as induce more lane-changing actions.
By time series of flow-density built according to empirical data and fundamental diagrams of
flow-density drawn in accordance with different time scales, it is discovered that the fundamental
diagram of intercity highway traffic is generally linear with respect to free flow and its shape is
time-scale-independent. Meanwhile, HSCF will cause a rise in the maximum values of density and
flow rate in fundamental diagram at short time interval, which is qualitatively consistent but
quantitatively different with Kerner’s fundamental diagram .If vehicles’ trajectory converted from the
empirical data is applied to the study of traffic jam formation and release, it can be concluded that the
roadblocks should be placed upstream far from where an accident happens for the sake of safety.

traffic engineering, traffic video, intercity highway
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