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Abstract

The distribution law and variation mechanism of vehicle operating speeds on urban expressways
were analyzed at macroscopic and microscopiclevels based on the microscopic trajectory data from
the US-101 section of the Next Generation Simulation (NGSIM) project. Python, SPSS, and MATLAB
software were comprehensively utilized for this analysis. Statistical results indicate that the speed
distributions for the overall road segment and individual lanes conform to a normal distribution. Low-
speed vehicles exhibit lower velocities, while high-speed vehicles show minimal speed variations,
resulting in weak overall dispersion. Polynomial curve models were constructed to fit the speed char-
acteristics under different headways and lane positions. The cubic polynomial model was found to
describe the speed-headway relationship well during car-following states with headways between 5
m and 50 m. The fourth lane demonstrated the highest goodness of fit (Rz = 0.995). When the head-
way is less than 5 m, speeds concentrate in the low-speed zone. Conversely, when the headway ex-
ceeds 50 m, traffic enters a free-flow state. Lane difference analysis reveals that the innermost lane
(Lane 1) has the lowest speed at small headways. As the headway increases beyond 35 m, speeds
across all lanes tend to converge (approximately 45 km/h). Furthermore, spatiotemporal distribu-
tion characteristics show that speeds within the first 300 m of the segment decrease significantly
(dropping aslow as 27.5 km/h) due to the influence of ramps and weaving areas. A significant speed
surge occurs after passing the auxiliary road. This study clarifies the descriptive capability of the nor-
mal distribution for urban expressway speeds under congestion transition conditions. The optimal
headway range for describing car-following behavior using the polynomial model is determined. The
significant influence mechanism of ramps and weaving areas on operating speeds is revealed. These
findings provide a theoretical basis and data support for traffic flow microsimulation and road safety
design.
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Table 1. Column names and descriptions of the NGSIM dataset
% 1. NGSIM BUEESE K i FA

LIEZ e B
Vehicle 1D - TIN5 (Fdh N X BRIt (8] ) o
Frame ID e MWbR RS GZTF LRI A FHF) o
Total Frames He ZEAE i B o L L B
Global Time ¥ H 1970 4 1 A 1 HEERE D 1 [ ().
Local X S ZE AR 0 R O R AT B e T B 2 S R R 1) (XA AR (R TR
Local Y S ZERT SR O LEAT BT AR F AT N A G A () AR FR(BAL: 3.
Global X G2 HT NADS3 Ht CA IRZS T 1T AR5 AGTH O i) X ABAR(ERAL: S8R,
Global Y G2 HT NADS3 Ht CARZES T 1T AT OB Y ARAR(FBAL: 3ER).
v_length ¥ AR E(FER).
v_Width $r AR B FE(HER) o
v_Class ¥ AR 1B, 2-R%E, 3-FR%.
v_Vel He ZEARIBEI T, BN SURD
v_Acc S TR DL, SR AT RS A
AR AT E . 40 | BG5S SEERBRALNEE.
Lane 1D - 6 5 At R SC B R\ L LT Cahuenga Boulevard i 1T iE 2 8] 1940
- i, 7 SRR SRR RCE RN DTS, 8 5 70 A R RN K IE i O
[IBER
O Zone vk R X, BRI NIREE RGN )y . BEAR XA 11 AN,

5 M 101 ) 111,
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Figure 1. Schematic diagram of the US-101 data collection section
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(ELHEHEANA 2238 N [F] Space Headway B AR [Al v Vel £5) 251 FE 15 120 25 3, 4R 5 Fl SPSS\MATLAB
SR W A AT VR A0 #T
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AFEHT NGSIM Hdfi 7047 1 US-101 BB I AR 5288 o fE AR b, P4k, Ao
L AR e R, %08 BRI B B N IR, BASE TR, i 85%/ 48
BAGEE /N, R EORR AR SS, SR EEEbRE M. IR b, 8T 6 443k 60 5K P-P & K br
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4.1. ERSHFHE

4.1.1. &E£higH
BTN H B AR B B L2k GBI R A S H(IL L 2).

Table 2. Statistical values of central tendency parameters

2. EhEBESHSIHE

ZH ¥iMa Nl e/ ME LB DA H A B L ¢ A XA
RS 33.56 2.05 31.03 33.03 33.16 33.88 36.71
85% 18 48.59 0.91 4776 47.98 48.08 49.33 49.79
15% 238 17.13 3.05 13.46 16.46 16.46 17.37 2191

85% L A A AT o TR 1) 144.79%, PN 15%NL B3R 1) 195.91%, 58 B R84 40 20 T AH
BAKs 85%NL i DU AL BRI, R R R S 2 N, BOCE T .
4.1.2. BYaR

G B AR AR U ZE (WL 3).
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Table 3. Statistical values of dispersion trend parameters

3. BMESSHSIHE

ZH e PRitE /ME A A % BV fir BKE
PRtz 14.60 0.61 14.03 14.04 14.45 15.09 15.37

Tl bR HEZEIIE )9 14.60 km/h, BEBD, RUIERBOF AR F40 0, Sl B2 AR 95 AN AR08
(BRI ZZARAANK, BRI
4.2. ERIHHE
4.2.1. P-P

ASCHIF SPSS 25.0 Xk K HAA B HIMEIES . MEUES . Bifi/K. Gamma. Logistic 43 i (1] P-
P K3t 60 5K), RADR TR S RBOR@E AR 1, 85 5).

7r%F 60 5K P-P EHEATHR S, RHAERR A BFR 5 LA LLAR 508 1 R BT SE i, AR A2
BAE bR AERf 8 S A0 A, W 4 Fs
Table 4. Lane-wise and overall numbering scheme
F 4. DEEBREMIRSRE
FEA _—

——

//// KT LB EPRNN Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 uvil 1 k%
BT 1 1 1 1 1 2 7 5
o $ & A 5 5 5 5 5 5 30 0
JEAT R A 3 2 3 4 4 4 20 0
Gamma 434l 4 4 2 3 3 3 19 0
Logistic 43 i 2 3 3 2 2 1 13 1

PR HUBATEN . AR50 1 MBI, Ui FITid 4 ad o A R A R A S AR AR Bt . SEih Nl
BRI A SR, LIS A2 US-101 B BUIE I ATRFIE I e L 20 Al US-101 BB A L& 45 2R
WA S (RAT LI b5 SR, RHTA AR 1 IS .

Table 5. P-P plot fitting results
= 5. P-P ERIAE

IER AR SEOESAT B /KA Gamma 474i Logistic 7347 =L Rl
US-101 % 7/5 30/0 20/0 19/0 13/1 IER AR

4.2.2. K-S 138

AR F R 36 77 1 R IR BEEHE R - W BEI& RA IR 73, WIFR A K-S fale. did K-S frie S ik
AT SR, TR 2 TR A A S & AR TE AR (L 2).

FET K-S IR E5 R . BB A B SR IEZS AR A i 260 LhEe,  n] R IEES fh 28 et 5 iy h iR US-101
ZETE AR S TR I A o R, R e 5 R SRR FH RS 20 A KA % 2R ) 2l o0 A T
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Figure 2. Lane-specific and overall frequency distribution plots with fitted curves
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5. FRIFHTHEREES TSR
5.1. NEIZELIEEE T MR B S 4

5.1.1. BERE TAEFLEETHERE—LIFETH
B Xt 43k A (Space Headway) 73 Boit B 4538, 3R HEK 100 m P& 2m) 1 50m G5 K 1
m)HITIE . XL Logistic. $8%0. X% 11 b &, =k W&k, Wit %k 53
FE RIS B H 34T = IR Z A G .
(1) Z3kIAEE 100 m L&
T EC EE &S, BHERELE RECN:
y = 626186+ 1.79258 x x! — 0.02424 x x2 + 1.09148E—4 x x>,

Hr, y R P (km/h), x Ak IEEE (m).
R H U1 6 Ao,

Table 6. Model 1 summary
Fo. HA | HE

R
R R2 5 R2 FRUEAL S A 1R
0.984 0.968 0.965 1.907

mERPEIE R, A R =96.5%, ZE3kEEELERT 50 m HI4LA BB 8 m,  M7E 50~100 m ()
A I TR 22 o PRIk 12 22 T 2 AR Y0 0] ZE Sk (R R AE 5~50 m Y6 [ P9 1R 1 B IADIRZS TR R B2 it
LATIE .
(2) ZEkIEEE 50 m LA
I HOS B A A, 3G RO
y =2.965x — 0.06x2 + 4.29E—4 x x°.

RAE W 7 fvR.
Table 7. Model 2 summary
7. REDWHE
R 2 i E
R R? )G R? PRl B (R iR
0.994 0.989 0.988 1.155

7 7 "] %1% Space Headway &KA 50 m, KK 1 m #HTUEHINLAERREHERT
Space Headway £ 24 100m, KN 2m MILERER . ERMBEEUNS, P AR, AS@maes;
BeEIA BRSO, HEPUERA EE TP, 2 AR ALE S 5~50 m o A RIS A .

5.1.2. NEFEE. FRIELBETHERITIREERFET R
WP 3 s AR 2238 VAR ASIR] 22 Sk [T P 3447 B B2 (1 20 A 14
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Figure 3. Average speed distribution map fitted with a bin width of 1 m over a
total Space_Headway length of 50 m
3. #% Space Headway 21 50 m, £ | m & FIRE HHE

B 3 Wl %0, BEZESKIAIFANY K, & ZEE TS K. BRI, S EFHFF: Lane 5> Lane2>
Lane4 >Lane3>Lane 1; [AfE KT 35m I, 4GB EET 3L 45km/mh); KT 50m i, #EAEH
TR, ATHEESE T AR, S PR A SRR R 2 .

% 8 P A F B A R 423K A1 EE T 0 ZE 50~ 3547 Bl BB A 1 40L& R EUE B

Table 8. Fitted curve table with a bin width of 1 m over a total SpaceHeadway length of 50 m
F< 8. 1% Space_Headway =<4 50 m, KA 1 m Hl&RIL%TFR

g y = Intercept + B1 x x! + B2 x x2+ B3 x x3
2K Lane 1 Lane 2 Lane 3 Lane 4 Lane 5
&S AL
e —3.46563+19 192889211  —9.04487+134  —9.57662 + 1.00 1.70638 £ 1.7
Bl 2.50522+£027  2.15382+0.29 3.61114+0.18 3.73756 + 0.14 2.81335+0.23
B2 -0.03904+£0.0  —0.0261 +0.01 ~0.0846 + 0.00 -0.09005 £0.00  —0.06222 £ 0.00
B3 1.81567E-4+1 295953E-5+1  6.81638E-4+9 7.72442E-4 + 6 4.79802E-4 + 3
ZEF T 94.19509555 110.448214 44.13657651 24.72676248 75.23406525
R2 0.983839779 0.97973118 0.990656987 0.995317177 0.978983078
RS R? 0.982657323 0.978248096 0.989973352 0.994974531 0.977445254

h#% 8 I, Lane 4 & RCEHIRE =0.995), Lane 1 AT . 44 kIR AL T 5~50 m Z )i,
Bl E R AT M AR TR e, FEFRAE 0.28~0.30 2 [,

5.2. REMGLE THZEMITRRERHE S

B 640 m,  BL 4 m IR BERAT 160 4725 4l s, el i &l 4 s
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Figure 4. Scatter plot of distance from entrance versus vehicle speed

4. EBEANOBEBEMERPHLE

A EE SRR MR, EEEANLET,

(1) 0~38 m: [MIEZEMHIEN, ZEHIE S 27.5 km/h I FHH ;
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Figure 5. Spatiotemporal vehicle speed heatmap of all lanes
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Figure 6. Lane-specific spatiotemporal vehicle speed statistical heatmap
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