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Abstract:

characteristics of trams under manual driving conditions

To analyze the speed and reliability
in sections, wheel odometer data was used to calculate
the characteristic indexes in acceleration, cruise, braking
and intersection section, and influence mechanism of
manual driving decision on each index was proposed.
Multi-factor regression model and probability distribution
model of section running speed are established. The
results indicate that driver can not achieve full
acceleration and deceleration due to the fuzzy control of

manual driving; the contribution of terminal speed and
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braking coefficient to section running speed accounts for
57%,

optimization;

which is important for driving behavior
the section running speed conforms to
Gaussian mixture distribution (GMM) with high deviation
rate to the common green wave bandwidth, resulting in

low time reliability of tram lines.

Keywords: tram; driving  behavior; velocity
characteristics; multiple linear regression; Gaussian
Mixture Model
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Fig.1 Linear regression between accelerating target speed and acceleration duration
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Fig.2 Linear regression between starting target speed and acceleration coefficient
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Fig.3 Tracks of Starting target speed and acceleration duration
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WA 5 s, X E] T I A o, % oy, B 7 {553 5)
70.621,0.595,0. 401, AHICFR B fifd DX (] B2 3 i
I, ZMEREELE S F R PAER/NF 0. 01, Bt
il Sk ih R 5 ] 2h R B E A G

RIS B 2R, i 2Ty i 0 3 6 s 1 AL 1)
TR HEE R B 2 R 5 (HAH DGR B 55 T s B
AH EE N B, i 2 B T - R A K
AT ST B A 2 A H AR IR B AT

 BIPRA  LLST DA B0 455 27 g L 2 4 i R0 i 5 X
F o AL 6 Bt 7 59— U S 28 ol 2 i 7, W HIL S
JEREAR 22— {8, A U AN s/ Nt 30, B3
PR B P B ), RSB 15 4,
Al s e R T T 20K 3h 1 iR

B SR B S 2R A ShR R AR
FEHZ Y TUATI 8], F B ) T 4 S il sl ek 1] L
OB 15, T S BOR AR A 3 R k. AL 7



420

6] 5% K 2 2 (A 4K BE 2 B

%52 %

1.0+

| 0.1

I 0.1

0.1 1 | 1 | |

20 30 40 50 60 70 20 30

I ELREE / (km-h™)
a L=281m

il gz / (km-h ™)
b L=424m

H L 1
20 30 40 50 60 70
TlshEif R / (kmh 1)
¢ L=552m

1
50 60 70

El5 HizhiEiamEE S H 3 R & MEEA

Fig.5 Linear regression between braking initial speed and braking coefficient
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Fig.6 Example of typical braking track
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il R 16.762  0.530  27.476  2.170  <<0.001
YR 0.271 0.554 23.903 1.591 <<0.001
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Tab.4 Results of clustering
SN
3 X[ S E / R/ A L/ B LR/ B R FEAKL Bl
(km+h™") (km+h™") (km+h 1) LR (km+h™") =
A 45.7 54.6 34.2 0.433 27.2 0.478 45 1—1
B 37.6 52.3 27.8 0.536 4.6 0.527 46 1—0
%O 34.9 54. 4 0.7 0.727 0.8 0.558 355 0—0
D 32.1 46.4 1.3 0. 562 14.2 0.346 72 0—1
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Tab.5 Gaussian distribution test of different

cluster samples

Eidan SN A FEB fEC  FED

P 3.65X10°°  0.898 0.588 0.248  0.404

D 0.112 0.082 0.110 0.053 0.103

e 35.7 45.7 376 349 321

brifii 2 4.38 4.21  3.52 235 3.5
A5 RE U 12 9.2 9.4 6.7 11

T D AR 2 (most extreme differences ) .

H T AR AR X[ Hhy 22906 A2 v 20 A A7
TR A, HA CRAIEAT & s TR 20 A, BTl
PR A A R 5 1 B T R T R T A i &
T e A1 152 R R 1

f(x)=>w filx), n=2

) o (3)
D=1, 0<w<1

i=1

Krpafi(2) o, WIREG AT BB oy 3 IR A
BB n NEED XA B ()8 — &N
[i(as gy 0,), g M0, 53 )RS i A8 BE 4y LS8
KRS (2 )T B P EAEXRT N n (B N A %5 S
LA K X B A HE R 2 w.. EM (expectation
maximization) & TR G 1109 B 3, Sk e
[ TS AW = S el wa o Sl B e B W i (R R (2
i GMM M3 o (T EMBE 7 o 20 47 3%
ROKRMBAF n (5 TIRE M SEHLEI=
{1, s, ooew,5 p, oy ooopt; 01,000 0000, b, B AR5
AR

TR VRS ELE.

TR2 S DEEARTES m Ik (n>1) %
SRR TS AN B A SRR, B

w/,m (I 61‘,7}17 )
le’. m - B P : ]
: (4)
2 Wi 1 p( Ij| O 1)
k=1
FB|3 BT NIFEA, L Q,,, DA 0, B
P i Q]i,m
i,m = N
N
2 jS, mLi
tin ="
im N
2 Q]'f. m (5)
ji=1
N
2 jS‘ m ( X #1’, m )2
Gfm - a N
Qj/. m
j=1




5 3 1

SO, A ST A HUE R I A U 4 DT 2 AR AE 23 425

PB4 TR 2 ML TR 3, HE O
DA B3R J5 3 05 2~T7 A% B 43 3219 GMM 43
fii , F BLK-S K 5 45 & o b 5 B fE ) (Akaike
information criterion, AIC) FEAT 84K, T B 45 F n 3k
6 FIr7s .
*6 TEHSZHEHESGHHUEER
Tab.6 Fitting results of GMM with different branch

numbers

Tk
2 3 4 5 6 7

P 0.55 0.97 0.93 0.6 0.84 0.55
D 0.043 0.025 0.028 0.041  0.032  0.043
AIC  20.43  25.47  31.92  37.47  49.47  55.32
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Fig. 14 Best-fit GMM distribution curve of section

running speed
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