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Presentation Structure

® Traffic oscillation introduction

® Detailed description of data

® Study 1: growth pattern of oscillations
® Study 2: straight track v.s. circular track

® Study 3: model test

® Conclusion and outlook
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> What is traffic oscillations ?

Extra fuel consumption
and emission

| Stop-and-go driving is a nuisance for motorists throughout the world. |

e (Laval and Leclercg, 2010) |
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> Formation of traffic oscillation

® Form at the bottlenecks
® Highway lane drops
(Bertini and Leal, 2005)
® Lane changes near merges and diverges

(Mauch and Cassidy, 2002; Cassidy, 2005; Menendez, 2006; Laval and Daganzo, 2006;
Laval et al., 2007; Ahn and Cassidy, 2007)

® In the absence of bottlenecks and lane changing.

(Sugiyama et al., 2008; Stern et al., 2017)
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> Empirical observation

Amplitude

® Oscillations do increase in amplitude while propagating upstream (Mauch and Cassidy, 2002;
Ahn et al., 2005).

® Grow to their full amplitudes while propagating upstream (Mauch and Cassidy, 2002).

Frequency

® Typical periods seem to be somewhere between 2 and 15 min (Mauch and Cassidy, 2002; Ahn
et al., 2004; Ahn, 2005; Laval et al., 2009).

A relation of between amplitude and frequency

® Long periods are accompanied by large oscillation amplitudes and high frequencies result in
low amplitudes (Gartner et al., 1992).

Propagation velocity

® Propagate at speeds of about 19 to 20 km/h on OR-217 in the United States, 16 km/h on the
A9 in Germany, and 14 km/h on the M4 in the United Kingdom. (Zielke et al., 2008)



(c) Alignment of vehicles 327 seconds into Experiment A when the CAT Vehicle is actively dampening the wave.

® A circular track: 230 m ® A circular track: 260 m
® The vehicle number: 22 ® The vehicle number: 19 ~ 22

(Sugiyama et al., 2008) (Stern et al., 2018; Wu et al., 2019)
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> Field experiment

® 25-car-platoon experiment (Jiang et al., 2014,2015)

The experiment of 25-car-platoon was carried out on January
19, 2013 on a 3.2 km stretch of the Chuangxin Avenue in a

suburban area in Hefei, China.

® 51-car-platoon experiment (Jiang et al., 2017,2018)

The experiment of 51-car-platoon was carried out on

December 15, 2013 on the runway and taxiway of the old

airport (which was closed) in Hefei, China.
® 11-car-platoon experiment (high-speed experiment, Huang et al., 2018 )

=2 The location and speed of each individual car have been recorded by high precision GPS devices (within £ 1 m for

location and within + 1 km/h for velocity).
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258 51-car-platoon experiment
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(Jiang et al., 2017)
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'Conclusion: The speed standard deviation increases in a concave way along the platoon in the

l osallatlons whether in the low-speed or high-speed experiments.
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Model simulation results
OVM FVDM IDM

75 - 75—

7.0 . 704

6.5 Yo . 6.5 fe O

60 ¢ et 60 o e
"

— B54
=
E 504

c 45 = o ns B
£ o] - e
3 . 5.
304 -
Ezs- ff'&"'
20 -,
B =

L B

Eﬁﬁ—_ .

E 5.0 o . 3

€ 454 . ors B

'-g AI:I_- l-fm...

a7 . i
30 -

Ezs.’ +J

% 20 ﬁ_.}.l

[N -

Experimental data

NGSIM data 1.0 Experimental data
» a ol

1] Experimental data

’ « NGSIM data « MNGSIM data
=  simulation data 0.5 - ®  simulation data 0.5 s simulation data
||||||||||||||||||||||||||||||||| 0.0 UL BLEN LN B BN LA BN LN L NN LA LA LA R B | 0.0 LB B LA BN LN LA LA AN LN BN AN BLEN NN N B |
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 TS 80 85 G0 9510C O 5 10 15 20 25 30 35 40 45 50 55 &0 65 TO 75 B0 85 S0 95 10C O 5 10 15 20 25 20 35 40 45 50 55 60 65 7O TS 80 85 G0 95100
{a) car number (b) car number (c) car number

Figure 7. Simulation results of the standard deviation of the speed of each car. (a) the OVM, (b) the FVDM, (c) the

IDM. The parameters of these three models are the same as that in Jiang et al. (2014).

* OVM: Optimal Velocity Model; FVDM: Full Velocity Difference Model; IDM: Intelligent Driver Model
(Tian et al., 2016)

:Conclusmn: The speed standard deviation of simulation results (the blue line in Figure) initially

:_increases in a convex way, which contradicts with the experimental findings.
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It was proposed that oscillations form and grow due to the cumulative effect of

stochastic factors.

® Kim and Zhang (2008) adopted a stochastic approach to model the wide scatter in

congested flow.

® Yeo and Skabardonis (2009) conjectured that the cause for oscillations might be human

error, i.e. anticipation and overreaction.

® laval et al. (2014) suggested that the formation and propagation of oscillations without lane

changes can be explicated by the stochastic nature of acceleration processes of the

drivers.
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The initial growth pattern of oscillations
(less than 2 m/s) of the US is not clear.

due to that

two vehicles change lane

NGSIM

standard deviation (m/s)
standard deviation (m/s)

due to that
two vehicles change lane
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Experimental data
e NGSIM data

(a) car number

A Fitting curve (R*=0.91)
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Fig. 4. (a) The standard deviation of the speed of each vehicle in all empirical examples. (b) Merging the empirical data and the experimental data. The

fitting curve is given by y = a exp(-x/xp) + o, where a=-7.91, xo =55.8, yo =7.8.

(Tian et al., 2016)

:Tian et al. (2016) have investigated the growth pattern of traffic oscillations in the NGSIM vehicle trajectory !
| data. It was found that the speed standard deviation also grows concavely and is highly compatible with that '

1 in Chinese car-following experiments.
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> Detailed description of data

Cognitive and Autonomous Test (CAT)

can be transitioned between manual velocity control and autonomous velocity control.

® A circular track: 260 m

® Experiment A: 21 vehicles
® Experiment B: 21 vehicles
® Experiment C: 22 vehicles

(Stern et al., 2018)

® A circular track: 260 m

® Experiment F: 19 vehicles
® Experiment G: 21 vehicles
® Experiment H: 22 vehicles

(Wu et al., 2019)



Dissipation of stop-and-go traffic
waves via control of a single
autonomous vehicle
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O During the concerned interval, the driving behavior of the CAT Vehicle is no longer the

typical human-driving behavior.

O

It has a large distance from the preceding car.

O The amplitude of speed fluctuation becomes small.
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Fig. (a) Velocity profile of the CAT Vehicle (the leading car) in Exp A.

(b) Evolution of the spatiotemporal pattern of car velocity (unit m/s) for Exp A.



SEIRT >x 4 ) 7 1
% o Z W
2 A
&) B ;I PEXA %
TBERARZSTIEHRRE
K R e ’
INSTITUTE OF TRANSPORTATION SYSTEM SCIENCE AND ENGINEERING .

Presentation Structure

® Traffic oscillation introduction

® Detailed description of data

® Study 1: growth pattern of oscillations
® Study 2: straight track v.s. circular track

® Study 3: model test

® Conclusion and outlook



§1§?9’Eﬂ$ 'iliasﬁﬁ?ﬁl%’

INSTITUTE OF TRANSPORTATION SYSTEM SCIENCE AND ENGINEERING 5

b4

LA

Group 1

Group 2

Exp B

Exp F

Exp G

Duration

~155s

~95s

~235s

Average speed of the leading car

(23.9 knvh)

6.60 m/s
(23.8 km/h)

5.30 m/s
(19.1 km/h)

5.81 m/s
(20.9 km/h)

(16.6 km/h)

2

Speed standard deviation (m/s)

Oa

Acceleration standard deviation (m/sz)

1 Group 1

1.5 1

1 4
051 . = USA-Group 1
= Exp-25car 25km/h
— Fitting curve (R*=0.95)
0 : , : : , .
0 5 10 15 20 25 30
Car number
2 o
= USA-Group 1 -
= Exp-25car 25km/h
1.5 1
14 " ",
(] "t =
m L - " ]
[ ] ] L | n
0.5 . u .n . -
[ an®" " " mmmE
[} n
0 T 1
0 5 10 15 20 25 30

Car number

2.5 1 2.5 1
-1 Group 2 2
£ : g
£ > 20 km/h -, : 2
5 .2
> 1.5 > 1.5
Z O
5 S}
= o
= —
[a~] 1 | =z
k5 <
g g
7 = USA-Group 2 @
§ 0.5 / = Exp-25car 20km/h § 0-3
& —Fitting curve (R2=0.90) )
o | | | , ‘ ‘ 0
0 5 10 15 20 25 30
Car number
Tis, G 1.5+
g = USA-Group 2 E
.S = Exp-25car 20km/h . - E
5 14 5
I (]
o =" =z
< = " . T
E : : g
g g .l.l....l... §
2 0.5 = z 03
z =
.9 [ | mE n | ] .9
= gu"Sgugn " " g
S L R 2
© = 3
g, 2 0
< 5 100 15 20 25 30 =

Car number

Group 3
15 km/h ]

= USA-Group 3
= Exp-25car 15km/h

—Fitting curve (R2=O.76)

5 10 15 20
car number

= USA-Group 3
= Exp-25car 15km/h

25

[ [
- . ] ] l. . u
.-..Il.l..:.:..ll' nm
II..
" n
5 10 15 20

car number

g5



SEIRT >x 4 ) 7 1
% o Z W
2 A
&) B ;I PEXA %
TBERARZSTIEHRRE
K R e ’
INSTITUTE OF TRANSPORTATION SYSTEM SCIENCE AND ENGINEERING .

Presentation Structure

® Traffic oscillation introduction

® Detailed description of data

® Study 1: growth pattern of oscillations
® Study 2: straight track v.s. circular track

® Study 3: model test

® Conclusion and outlook



LR 2 74 M7
> \2 ;l » tf‘ k L g 'j‘

&) zurgngsTranm &

The Comparative Experiment Study
on the Driving Behavior between
Linear Track and Circular Track

December 1, 2018
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> 12-car-platoon experiment
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(b) The evolution of the spatiotemporal pattern of car speed in the China 12-car-platoon experiment.
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(a) Speed standard deviation  (b) Acceleration standard deviation  (c) Average distance headway

:} In Fig. a&b, one can see that the data on the straight track and on the circular track are in good !
I agreement with each other (the hollow circle in Fig. a&b).

1 > In Fig. b, the acceleration standard deviation of 12-car-platoon is larger than the 25-car-platoon data
I (the red data in Figure), but complementary to USA data (the blue data in Figure).

1> In Fig. c, one can see that the results are close between the 12-car-platoon data and USA data. This ,
I confirms that, the reason why acceleration standard deviation is larger in the 12-car-platoon |
I experiment and USA experiment is that drivers were asked to follow closely. In contrast, in the 25- 1
: car-platoon experiment, drivers were asked to drive normally instead of closely.
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> Model test

C (v OT (1) +d — =00
a, (t) = A 1- —Vn (t) — i 2ol
v d,(t)

max

e 2D-IDM

T, +rT, with probability p,

T(t+At)=
( ) { T(t) otherwise.

(Jiang et al., 2014)

® IDM with action points

a,(t)—a,(t)|>Aa, Aa~U(0,Aa,,)

® IDM with white acceleration noise

V, (1) =a,(t) + &, (t) (&1))=0 (&1, ())=Q5,,d(t-t)

(Treiber and Kesting, 2017)
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Conclusions

> The set of experiment on the circular track can be considered equivalent to that on the straight track.

> The speed standard deviation exhibits a universal concave growth characteristic in the two countries;

while the growth pattern of acceleration standard deviation is remarkably different.

> The acceleration standard deviation might be related to the distance headway, which can be

influenced by the experimental instruction.

> The universal concave growth pattern of speed standard deviation and different growth pattern of

acceleration standard deviation can be well reproduced.

Outlook

In future studies, the data sets on a longer stretch of freeway with longer duration should be analyzed.
Finally, larger-scale experiments in car-following should be carried out to further investigate the growth

pattern of traffic oscillations.
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